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Chapter One  
Introduction 
 
1.1 Significance of adaptation of existing buildings   
With the rise in consensus amongst the scientific community regarding anthropogenic activity and climate 
change, the drive for increased sustainability in the built environment is an imperative (Stern 2007, Garnaut 
2008). One method of reducing mankind’s environmental impact is to adapt existing buildings rather than 
default to demolition and rebuild. This research examines the drivers for the adaptation of existing commercial 
office buildings.  
 
Buildings are inextricably linked to sustainability issues and the construction industry has a major role to play in 
reducing the adverse effects on the environment as buildings contribute around half of all greenhouse gas 
emissions (UNEP 2006, Ngowi 2000). Sustainability has a broad and differing definition depending upon the 
context in which it is used. It is most commonly defined as ‘meeting the needs of the present without 
compromising the ability of future generations to meet their own needs’ (WCED 1987:2); or ‘using, conserving 
and enhancing the community’s resources so that ecological processes, on which life depends, are maintained, 
and the total quality of life, now and in the future, can be increased’ (Commonwealth of Australia, 1992).  
Brundtland (WCED 1987) described the concept of sustainable development in which it can become a strategy 
to reflect sustainability as a way of optimising the relationship between the global society and its natural 
environment with consideration of the social, economic and environmental goals of the society.  
 
International concern for the environment was reflected early via the United Nations conference in Stockholm 
in 1972 and the idea of eco-development emerged from the conference as ‘an approach to development aimed 
at harmonizing social and economic objectives with ecologically sound management’ (Gardner 1989).  
Although eco-development was the precursor of the concept of sustainability, the early concept of sustainable 
development was firmly entrenched within the environmental movement and sustainability was often 
interpreted as sustainable use of natural resources (Hill and Bowen 1997). Debate continued on the appropriate 
definition and uses of the concept of sustainability. It was argued that development inevitably lead to some 
draw down of stocks of non-renewable resources and that sustainability should mean more than the 
preservation of natural resources (Solow 1993), whilst it was believed that sustainability had three dimensions, 
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those of environmental, social and economic sustainability (Elkington 1997, Goodland 1995). The divergence 
of opinions demonstrated that sustainability is so broad an idea that a single definition cannot capture the 
concept, however there is agreement that uncontrolled exploitation of natural resources is not beneficial to 
humankind in the long term (Hill and Bowen 1997).  It was proposed that sustainable construction meant 
‘creating a healthy built environment using resource-efficient, ecologically-based principles’ (Kibert 2005)  Four 
principles were adopted in the concept of sustainable construction by Hill and Bowen (1997): social 
sustainability, economic sustainability, technical sustainability and biophysical sustainability. This notion of 
sustainable construction provides the building and construction industry with a practical framework to guide 
the implementation of sustainable buildings (Hill and Bowen 1997). 
 
It has been argued that adaptation is inherently environmentally sustainable because adaptation of existing 
buildings involves less material use (i.e. resource consumption), less transport energy, less energy consumption 
and less pollution during construction (Johnstone 1995, Bullen 2007).   It was demonstrated that the embodied 
energy contained within existing stock is considerable, when the Australian Greenhouse Office (AGO) 
estimated that the reuse of building materials saves approximately 95% of the embodied energy (Binder 2003). 
Even when economic costs for adaptation are high, the environmental argument along with social factors may 
sway the decision in favour of adaptation rather than demolition and redevelopment (Ball 2002). The process 
of demolition is a wasteful process in terms of materials unless material are reused or recycled (Department of 
the Environment and Heritage 2005). Since the late 1990s the concept of sustainability has been one of the 
major drivers of adaptation due to the notion of recycling of buildings (Ball 2002). It is argued that upgrading 
the performance of the existing stock, through some degree of building adaptation, is the most critical aspect of 
improving sustainability of the built environment (Cooper 2001).  
 
Humans have adapted buildings since they started constructing. Over time, the usefulness of any building for 
its original function or purpose diminishes; this process is known as obsolescence and represents a lack of 
utility. Obsolescence takes several forms such as physical obsolescence, where buildings or their component 
parts literally wear out. Functional obsolescence occurs where the original function of the building becomes 
redundant, for example; the workhouses built in the Victorian period throughout England for the poor and 
destitute are no longer perceived as appropriate methods of housing people when dealing with economic 
hardship and unemployment. Economic obsolescence occurs when the economic rationale for a building is 
removed; an example is the 2007 closure in Geelong, Victoria of the Ford Motor Company factory as a result 
of cheaper production elsewhere and a downturn in vehicle sales generally. Locational obsolescence occurs 
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when the location of the building is not longer suitable, such as warehouses sited on canals in England which 
became obsolete when motorways overtook canals as the primary means of transporting goods and materials.  
 
Obsolescence can affect any building at any time during its lifecycle and can trigger an opportunity for 
adaptation. Building obsolescence is the subject of much research (Baum 1991, Building Research Board 1993, 
Cowan et al. 1970; 1970b, 1970c, EKOS & Ryden Property Consultants 2001, Khalid 1994, Nutt et al. 1976). 
Previous studies examined the causes and impact of building obsolescence and ways to defer the time when a 
building has no utility whatsoever and demolition remains the only viable option. One way of deferring 
obsolescence in buildings is to adapt them either through a change of use or within the existing use (Kincaid 
2002).  
 
Substantial expenditure is directed to building adaptation across developed nations and in the United Kingdom 
(UK) more work is undertaken on adaptation than new build (Egbu 1997, Ball 2002).  Half of the total 
expenditure on construction in the UK was on existing buildings (Cooper 2001) and in 2004 £45 billion was 
spent on UK building adaptation (Goodier & Gibb 2004). Looking at the Australian built environment, non-
residential buildings total in excess of 246.5 million square metres of enclosed space and the value of the 
constructed environment in 2004 was estimated at 1,705.4 billion Australian dollars; this is equivalent to 44% of 
Australia’s net worth (Australian Bureau of Statistics 2006). Construction normally contributes between 5% and 
6% of national Gross Domestic Product (GDP) (i.e. 6.2% in 2003/04), which is more than most of the 
Organisation for Economic Cooperation and Development (OECD) countries (Australian Bureau of Statistics 
2008). A median percentage of 17.8% of all construction work undertaken in Australia for the decade between 
1991 and 2001 was on existing buildings. With an estimated $267 billion of new commercial property to be 
built in Australia before 2018, the performance gap between the new and the old stock looks set to increase 
(Romain 2008). It is apparent that the proportion and amount of annual expenditure on adaptation of existing 
buildings in Australian and other national economies of developed countries demonstrates the importance of 
building adaptation to business and commerce, both in the past and increasingly into the future. 
 
‘Highest and best use’ theory is defined as ‘the [building] use which results in the most efficient and/or 
profitable use’ of the building (Australian Property Institute 2007). Highest and best use is a key appraisal and 
zoning principle employed in valuing land or buildings and must be acknowledged as an important influencing 
factor in determining building obsolescence. Clearly the value of a building and its use are linked closely; 
highest and best use leading directly to highest present value providing the greatest return for investors and 
owners. In addition, the value of a building is affected by the surrounding environment and land use has to be 
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consistent or complimentary to the neighbouring land uses. Other influencing factors affecting building value 
are local competition and political forces; therefore the timing of a development or redevelopment is vital to 
achieve the highest and best use. In city centres multiple uses are not uncommon and this makes an appraisal of 
highest and best use more complex as a combination of a number of land uses may be optimal. Highest and 
best use appraisals consider four factors: legal permissibility, physical possibility, financial feasibility and the 
maximum productive use (Australian Property Institute 2007). Even so the most comprehensive appraisal is 
only relevant to a specific point in time and is an expert opinion only (Tosh and Rayburn 2002). The concept of 
highest and best use has been debated by many (Jarchow 1991, Nahkies 2002) and some argue for 
consideration of social criteria and not only economic factors in the appraisal. Over time the methods of 
accounting for the costs and benefits of social and community aspects in development have been acquired and 
may be integrated into the assessment. For the purposes of this research the underlying assumption is that 
building adaptation is predicated on the goal of achieving and maintaining highest and best use for a building at 
a given point in time.    
 
Globally the market is noting an increasing amount of adaptation in buildings both within and across different 
land uses over the last 20 years.  For example, increased levels of adaptation were noted in Alabama and 
Chicago (Colchimario 2006; Olson 2005). While according to Kincaid (2000) there was a ‘frantic pace’ of 
adaptation activity in the UK which outstripped new building activity. A study into the adaptation of offices to 
residential uses found a large upturn in activity in Boston, Sydney, Melbourne and Vancouver during the 1990s 
(Heath 2001), whilst another UK study reported an increased level of adaptation in the retail sector (Douglas 
1994). This increase in the rate and amount of building adaptation across developed countries is in part a 
response to the case that adaptations are typically faster to complete and occupy than new build and that 
adaptation often costs less (Chandler 1991, Highfield 2000). Since the early 2000s there has been a discernible 
response to the emerging importance of sustainability within the built environment and embodied energy 
within existing buildings and therefore that adaptation can represent a more sustainable solution to new build 
(Bullen 2007). This move towards incorporating sustainability has occurred alongside significant UK and 
Australian government lead global economic reports (Stern 2006, Garnaut 2008) highlighting the potential 
outcomes of ignoring global warming and climate change. The momentum for sustainability in buildings has 
been further increased through the adoption of corporate social responsibility (CSR) reporting by leading 
business organisations around the world and the subsequent adaptations which enhance the sustainability of 
their building stock (Newell and Sieraki 2009). 
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The age and quality of the building stock in an area impacts on the amount and scope of adaptation. Within 
Australia, previous studies estimate between 85 - 90% of the commercial building stock is aged over 10 years 
(Knott 2007; Davis Langdon 2008). In older more established cities the average age of the building stock is 
higher still. Furthermore, in established urban centres only small percentages of new buildings are added to the 
existing stock total each year.  For example, in London 1-2% is added to the stock of commercial buildings 
annually (Knott 2007), whereas Melbourne typically has 2-3% added to the total building stock (Jones Lang 
LaSalle 2008). As a result there is an ongoing need to adapt the existing stock to meet the changing current and 
future needs of investors and building users. Other pressure is placed on the existing building stock in Australia 
by an increasing population resulting from immigration policies and so increasingly Australia is looking to adapt 
existing stock (Foran and Poldy 2002). Melbourne is seeking to grow to a population of five million by the year 
2025 and recent growth has exceeded this prediction (Department of Premier and Cabinet 2008).  The 
population growth in Melbourne in 2006-07 equated to an average increase of over 1,100 people per week and 
in 2007 Melbourne’s population was recorded at 3,806,092 (Australian Bureau of Statistics 2009). Population 
increases put pressure on the existing building stock to meet societal needs which can make adaptation 
attractive. Moreover, the situation is compounded with a construction labour skills shortage in Australia which 
has driven new build construction costs upwards and adaptation can be an attractive economic alternative in 
some cases (Davis Langdon, 2011).   
 
Globally in some urban areas the vacancy rates for commercial property such as office buildings are high and 
these rates are increasing with the ongoing global economic turmoil (RICS 2009). Vacancy rates are higher for 
lower grade stock and some sections of stock that have been vacant for three or more years are considered to 
be a structural and long term issue (Remøy & van der Voordt 2006). For example, in the Netherlands there was 
500,000 square metres of office space vacant in 2007 which presented challenges to building owners by way of 
lost income (DTZ 2007). Moreover empty buildings are more vulnerable to vandalism, arson and squatting 
which drive up ownership costs and in the long-term, the effects of vacancy include social blight and economic 
decline. One million square metres of Dutch office space (or 17.9% of the total stock) should be removed from 
the market because it is outdated and suffering to various degrees from technical, functional, locational and 
physical obsolescence (Remøy & van der Voordt 2006). In Australian cities the positive economic conditions of 
the early 2000s have lead to comparatively low vacancy rates. Melbourne had an all time low vacancy rate for 
office space in 2007 when rates were 4.7% (Savills 2009).  However as a result of the global financial crisis in 
2008, vacancy rates increased across Australian cities to 6.8% in September 2010 (Savills 2010). Adaptation 
offers a new economic life for a building at a fraction of the cost of new construction and with a greater 
amount of lower grade space available there is an opportunity for businesses to occupy better quality space as 
developed countries move out of recession in due course. 
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When the various elements of buildings are examined each element has a typical lifecycle. The building 
structure should last 80-100 years plus, the envelope or skin typically lasts for 60 years or so, building services 
20-30 years and the interior fit out should last 5-10 years (Duffy cited in Brand 1994). Building services often 
represent a substantial proportion of construction costs. Given the age of Melbourne and Sydney central 
business district (CBD) commercial stock is on average approximately 31 years old it is likely that most 
buildings would need a services upgrade which is an opportunity to increase the operational sustainability of the 
building (Jones Lang LaSalle 2008). Over the whole building lifecycle most expenditure and environmental 
impact occurs during the operational phase of the lifecycle. Additionally the economic impact of rising energy 
and other operating costs has increased significantly over the last three decades (Romain 2008). The need to 
focus on existing stock is a conclusion many have reached and in 2008 approximately 71% of Australian 
investment was used for upgrading and building maintenance  (Swallow 1997, Kincaid 2000, Blakstad 2001, 
Ball 2002, MaCallister 2007, Property Council of Australia 2008, Department of the Environment 2008). This 
figure indicates the significance of the adaptation sector, where for example, the total value of the PCA/IPD 
Australian Property Index is 121.4 billion Australian dollars as at March 2011 and covers 1535 investments 
(IPD 2011). 
 
1.2  Defining building adaptation 
Adaptation is a term which has been broadly interpreted and defined by numerous researchers (see Ball 2002, 
Mansfield 2002, Douglas 2006, Bullen 2007).  Adaptation is derived from the Latin ‘ad’ (to) ‘aptare’ (fit). 
Typically the definitions refer to ‘change of use’, maximum ‘retention’ of the original structure and fabric of a 
building, as well as extending the ‘useful life’ of a property (Ball 2002, Mansfield 2002, Douglas 2006, Bullen 
2007). Frequently there are terms used such as renovation, adaptive reuse, refurbishment, remodelling, 
reinstatement, retrofitting, conversion, rehabilitation, re-lifing, modernisation, restoration and recycling of 
buildings incorporated into the definitions. The terms have slightly different meanings, for example 
‘refurbishment’ comes from the word refurbish which means to ‘re’ do again and ‘furbish’ polish or rub up. On 
the other hand, ‘conversion’ literally means to convert or change from one use to another for example a barn 
converted to a residential property. Approximately thirty years ago Markus (1979) noted these terms existed in 
an ‘unhappy confusion’; it is an unhappy confusion which still exists today.   
 
Building adaptation can occur ‘within use’ and ‘across use’; that is to say, that an office can undergo adaptation 
and still be used as an office (i.e. within use adaptation) or it may change use to residential and be an example of 
‘across use’ adaptation (Ellison and Sayce 2007). It can be argued that adaptation of existing buildings can 
encompass some or all of the terms noted above.  For the purposes of this research it was decided that a broad 
21 
 
definition of adaptation will be used which includes all forms of building adaptation, with the exception of 
minor day to day repair and maintenance works.  The accepted definition is that building adaptation is: 
“any work to a building over and above maintenance to change its capacity, function or performance, 
in other words, ‘any intervention to adjust, reuse, or upgrade a building to suit new conditions or 
requirements” (Douglas 2006).  
It is an all embracing definition and is derived from Chudley’s 1983 definition (Douglas 2006).  In this thesis 
the term ‘adaptation’ refers to works described as renovation, adaptation, refurbishment, remodelling, 
reinstatement, retrofitting, conversion, rehabilitation, re-lifing, upgrading, improvements, modernisation, 
restoration, alterations, fit-out, recycling of buildings and also change of use.  See glossary and definition of 
terms in Appendix 1. 
 
Of the many studies investigating building adaptation, the majority have focussed on a relatively small number 
of case studies (Kucik 2004, Remøy & van der Voordt 2006, Arge 2005, Snyder 2005, Kersting 2006, Fianchini 
2007).  A small scale case study approach has proved a useful way of determining at a micro level the specific 
attributes of individual buildings or small numbers which are suited to adaptation and the specific issues 
relating to adaptation of different building types.  Whilst Ball (2002) conducted a larger study of 450 vacant 
properties and examined urban regeneration in Stoke on Trent, only 45 buildings were used in the analysis.  
Previous research has tended to focus on specific building types or land use such as speculatively designed and 
built office buildings (Arge 2005), office to residential conversions (Heath 2001), education buildings (Fianchini 
2007) and one study examined the Western Australian commercial property market (Bullen 2007).    
 
Previous research has endeavoured to answer the question: what are the important criteria for the undertaking of an 
effective decision-making process involving the adaptation of existing commercial buildings?  They have developed decision-
making models and tools (see Chudley 1981, Kincaid 2002, Remøy & van der Voordt 2006, Arup 2008). Whilst 
it is likely given the globalisation of the property market that there may be similarities to the findings of 
previous studies there may also be local differences.  
 
Some studies adopted a qualitative opinion based methodology to determine the relative importance of 
decision-making criteria for the adaptation of existing commercial buildings (Remøy & van der Voordt 2006, 
Arge 2005). Other studies, which used larger samples, were limited to different geographical regions and 
specific building types (Kincaid 2002). The limitation of opinion-based research is that it varies according to the 
quality of the opinions used in the research. With the exception of a Western Australian study (Bullen 2007), no 
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earlier studies related either to Australia and/or all land uses in a city centre, or Central Business District (CBD) 
as it is known in Australia. Given the limitations of opinion-based research, there were compelling reasons for 
seeking an alternative method for validating the importance of the decision-making criteria. This research used 
a quantitative analysis of previous adaptations to determine statistically which building adaptation attributes 
were most important.  
 
Rather than look at a small sample of buildings or number of cases in detail to determine what may be learned, 
the approach in this investigation is to examine the recent past to determine the extent and type of all building 
adaptation activity that has been undertaken within a clearly defined geographical area, in this case the 
Melbourne CBD.  This research is based on actual adaptation events to a large number of different commercial 
office buildings over an extended period of time.  Such an approach allows the research to determine whether 
the practices espoused by earlier studies are typically followed in practice.  Importantly the approach allows the 
research to ascertain whether the rate and scope of adaptation activity is random and unpredictable or whether 
patterns of activity can be identified.  The next stage examined the extent of adaptation activity (i.e. minor and 
major) with relation to individual buildings and their attributes.  In order to achieve this two detailed databases 
were combined to facilitate the analysis and investigation.  
 
An accurate and detailed building information data set is an essential starting point for developing a reliable 
building adaptation model to identify the important criteria for building adaptation.  The research includes data 
relating to every activity that required a building permit in Melbourne CBD between 1998 and 2008 and ensures 
this research is supported by a high level of data accuracy and reliability.  A constraint has been the low level of 
data availability and a reliance on the case study approach to the issue used by previous researchers (Arge 2005, 
Snyder 2005, Kersting 2006, Fianchini 2007).  Given the time required to investigate building adaptations and 
the frequently adopted method of using surveys or interviews to gather data, it has not been possible to look at 
more than a few buildings in these studies (Arge 2005, Snyder 2005, Kersting 2006, Fianchini 2007).  These 
constraints have impacted on previous research which is acknowledged in the limitations section of the 
research findings. Furthermore such studies relied on the memories, recollections or opinions of individuals 
associated with a small number of adaptation projects on which to base their research findings (Arge 2005, 
Snyder 2005, Kersting 2006).  Research which relies on opinion based data collection may be open to bias and 
the quality of the research is dependent on the experience and views of the participants with respondents’ 
memories becoming less reliable with the passage of time (Moser & Kalton, 1971). This research was not 
affected by participant experience or bias. This study overcame these hurdles and is supported with a large 
volume of primary and secondary data.  
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The Melbourne CBD includes different zones where varying land uses are more concentrated; for example 
some areas are more retail based whilst others are more office or entertainment focussed.  In Melbourne, 
Bourke Street is associated with retail land use (McIntosh 1985).  This pattern of land use changes over time as 
some land uses decline and make way for more profitable or socially desirable land uses.  Importantly the CBD 
has a distinct physical border which is well known in the property market.  Other cities have distinct city 
centres, and thus this approach has relevance to cities outside of Melbourne.  Furthermore the CBD area was 
the first land area developed by the first settlers of the Port Philip region from the 1830s onwards.  The 
Melbourne CBD thus represents the most mature land and property market in Victoria with construction 
activity, land and property transactions recorded over a 185 year period.  
 
1.3  Context for the research 
A key driver for sustainability comes from the Australian Government at Federal, State and Local levels.  At a 
Federal level the government has set a target of reducing carbon emissions by 5% of the 2000 levels by 2020 
(Australian Government Department of Climate Change & Energy Efficiency 2010).  The City of Melbourne is 
aiming to be carbon neutral by 2020 (Arup 2008) which is an ambitious target in a country where per capita 
carbon emissions are high at 18.75CO2et/person/year (Wilkinson & Reed 2006 Carbon Planet 2011).  
Melbourne has Australia’s highest per capita carbon emissions.  The strategy the City of Melbourne has 
developed includes measures such as carbon trading, reductions in transport related emissions and, after 
considering the performance of existing commercial stock, building adaptation.  A target has been set of 
adapting around twelve hundred commercial buildings and incorporating sustainability initiatives to reduce 
greenhouse gas emissions from the sector (Lorenz et al.  2008). The City of Melbourne is taking a proactive 
approach to establish strategies to deliver sustainability in the built environment within the 2020 timeframe.  It 
has estimated it is possible to reduce the overall carbon emissions for the CBD by 38% or 383,000 tonnes of 
CO2-e through building adaptation (Arup 2008).  Such a reduction would constitute a significant proportion of 
overall Victorian emissions; although recent reports reveal an upward trend in emissions (Australian Institute of 
Urban Studies 2007, Melbourne City Research 2006).  
 
Given the continuing upward trend and aspirations to reduce building related greenhouse gas emissions the 
question must be addressed about whether the target set by the City of Melbourne for building adaptations is 
realistic and achievable.  A snapshot view of the Melbourne office market in July 2008 indicated that it may be 
over optimistic.  In July 2008 a total of 34 building projects were being undertaken in the CBD, of these 11 
were classed as full or partial refurbishments (Property Council of Australia 2008).  The City of Melbourne 
envisages that policies and programmes are to be developed and implemented by 2012 that will lead to around 
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1200 building adaptations before 2020 equating to approximately 150 per annum.  In order to achieve these 
targets the rate of adaptation will need to increase substantially.  This in turn begs the question: which 1200 
buildings? Is it the medium sized buildings, the smaller ones or the large ones?  Other questions arise such as: 
how could the City identify which buildings are most likely to be adapted prior to 2020?  And how do you 
decide which buildings should be adapted?  There is a clearly a need to address these knowledge gaps in order 
for the city to fulfil its aspirations.  The outcomes of this research will identify where local policy makers could 
best provide incentives to targeted sectors of the property market to optimise sustainable building adaptation.  
 
1.4  Aims, hypotheses and research questions 
1.4.1 Aims  
This study is primarily concerned with two important factors: building adaptation events and property 
attributes.  Property attributes are defined as the social, economic, environmental, technological, physical 
and/or legal features of a building structure and/or land on which a building is constructed.  One of the study’s 
principal objectives to is build on the foundation of previous research and develop a reliable working model to 
identify and examine the relationship between adaptation and property attributes as well as evaluate adaptation 
potential.  Variations in adaptation activity for individual buildings between 1998 and 2008 in the Melbourne 
CBD, Australia are analysed.  Detailed property attributes form a unique database assembled in 2008 and 2009 
are examined and interpreted in relation to building adaptation events in the Melbourne CBD.  The results of 
this research, being based on property information relating to Melbourne, will be applicable to many developed 
and mature urban centres in countries throughout the world.  Moreover it will contribute to the increasing 
global knowledge base concerning adaptation and property attributes.  
 
1.4.2. Hypothesis  
‘Variations in building adaptation in Melbourne central business district are directly related to property 
attributes.’ 
 
1.4.3 Research question one 
1. What is the strength of the relationships and the interaction between building adaptation events in the CBD and 
commercial property attributes? 
The emphasis in this question was placed on (a) the nature and (b) the strength of the relationships and (c) the 
interaction between the previously identified building adaptation events in the Melbourne CBD area between 
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1998 and 2008 and (d) the building adaptation attributes identified in the literature as being important decision-
making factors.  
 
1.4.4 Research question two 
2. What are the important criteria for the undertaking of an effective decision-making process involving the adaptation of 
existing commercial buildings? 
The research determines what are the important criteria are for undertaking effective decision-making in 
respect of building adaptation of existing commercial buildings based on the analysis of  building adaptation 
events in the Melbourne CBD between 1998 and 2008.   
 
1.4.5 Research question three 
3. What is the level of importance of the decision-making criteria for the adaptation of existing commercial buildings in an 
established mature CBD? 
Having established which property attributes are more strongly related to adaptation events it is possible to 
identify an optimal weighting for the key decision-making criteria. The literature to-date shows there is 
consensus regarding the decision-making criteria though there is little agreement as to which is the most 
important.  
 
1.5  Decision-making issues in building adaptation 
There is general agreement that building adaptation decision-making is complex (Blakstad 2001, Douglas 2006).  
Firstly, there are many stakeholders involved in adaptation each representing a different perspective.  Decision-
makers are investors, producers, developers, regulators, occupants / users and marketeers (Kincaid 2002). 
Another layer of complexity is that stakeholders make decisions at different stages in the process and each has 
different degrees of influence.  Generally decisions made at the early stages of the process have an ongoing 
impact throughout the project.  For example, the decision to change the use affects all decisions that follow. 
Furthermore the capacity of stakeholders to influence decisions can be classed as either direct or indirect. 
Another layer is added where a stakeholder intends to be an occupier or user, in which case the decisions will 
have a daily impact on their ongoing business operations.  The motivations of the stakeholders influencing 
decision making in respect of adaptation vary, for example a developer who intends on selling the property post 
adaptation experiences different drivers than if the intention is to retain the property within the developer’s 
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property portfolio. In summary, stakeholders are multiple decision-makers for individual buildings and exert 
their influence to different degrees at different stages.   
 
A further aspect is the range of decision options available to stakeholders (Kincaid 2002).  The first option is to 
change the use with minimum intervention because of the inherent ‘flexibility’ of the building as found.  
Option two is for adaptation with minor change, whilst option three requires a higher degree of intervention 
and is typically referred to as ‘refurbishment’ or ‘retrofitting’.  Option four involves selected demolition, 
whereas option five is the extension of the facility.  Finally, option six is demolition and redevelopment and is 
selected when the social, economic, environmental, regulatory and physical conditions are such that the 
building is said to be at the end of the lifecycle and lacking in utility (Bottom 1999).  This research is focussed 
on the decision-making that occurs through options two to five inclusive.  Effective decision-making demands 
the consideration of issues such as framing the issue properly, identifying and evaluating the alternatives and 
selecting the best option (Turban et al. 2005, Luecke 2006).   
 
1.6  Overview of the approach 
The concepts presented, analysed and discussed in this study are concerned with the decisions of separate 
stakeholders and their collective behaviour as building owners, producers, regulators, financiers, developers and 
building users in the Melbourne CBD.  It is acknowledged that it is difficult to determine the reasoning behind 
subjective decisions by individuals and collectively as a society.  This research examines the outcomes of 
decisions taken collectively by all of the stakeholders as embodied in the actual adaptation event itself, rather 
than attempting to disentangle the drivers of each individual stakeholder which has been examined by Kincaid 
(2003) and others (Ball 2002, Arup 2008).  Such a method would be time consuming and limit the study to a 
few cases rather than a statistically representative sample as undertaken here.  The Melbourne CBD is similar to 
other Australian CBDs and also to CBDs outside Australia; therefore the findings will be consistent with 
adaptation practices elsewhere.  Since early settlement in the 1830s the Melbourne CBD has expanded and 
includes the South Bank, the Docklands and part of St Kilda Road; however these newer CBD areas are 
omitted from the study. Melbourne CBD was selected for the research because it is a well defined geographical 
area with a mature property market and because of the City of Melbourne 1200 Buildings Program makes the 
study of building adaptation in Melbourne very timely. 
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1.6.1 Sources of primary data 
A comprehensive primary data set containing all building adaptations for an extended time frame was designed 
and assembled to address the hypothesis and research questions.  Building permit data was collected from the 
Building Commission of Victoria, a statutory government body responsible for the administration of all 
building works in Victoria.  The building permit database recorded all building permit applications approved in 
the State from 1998 to 2008.  The data were assembled into a database in Microsoft Excel format. 
 
This research is focused on a specific geographic location: the Melbourne CBD grid as set out in figure 1.1. 
bounded by Spring Street, Flinders Street, Spencer Street and La Trobe Street.  Only entries relating to streets 
within this grid were incorporated into the database.  The dataset represents all the building works requiring 
building permits under the Building Regulations Act 1994 and the Building Code of Australia.  This research is a 
census of all building adaptation activity in the Melbourne CBD from 1998 to 2008 and is unique because of 
the level of detail contained within this study.  It provides a detailed record of all changes to the buildings in the 
CBD area requiring building permits.  
 
Figure 1.1 Melbourne CBD street names. 
 
(Source: Visit Melbourne Victoria 2011) 
  
1.6.2  Sources of property attribute data 
Different sources were used to assemble the second comprehensive database for this study.  The property 
attributes required to populate the database were derived from the literature review in chapter two. A key 
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database used is a commercial database compiled in all major Australian cities referred to as ‘Cityscope’.  In 
brief, ‘Cityscope’ contains physical building data about property attributes such as building height, number of 
storeys, net lettable area (NLA), Gross floor area (GFA), building services, number of refurbishments with the 
year 2008 version used. The Land Victoria ‘PRISM’ database was referred to for data on property sales during 
2008 and 2009. Information about historic listing of buildings was obtained from the ‘Heritage Victoria’ 
database which is assembled by the State body representing heritage issues relating to buildings and structures 
in Victoria.  
 
The City of Melbourne planning group maintains a database of all planning applications received in the city 
called iCompass.  As iCompass is available to the general public for viewing this was used to determine the 
number and type of planning applications for individual buildings (City of Melbourne 2009).  Software 
applications ‘Google Earth’, ‘Google Maps’ and ‘Google Street View’ were used to gather data relating to 
property attributes.  The Australian Green Building Council website provided details of individual buildings 
which have been rated under their green rating tool.  Other government websites provided information related 
to environmental assessments for individual buildings such as the Australian Building Greenhouse Rating 
(ABGR) and the National Australian Building Environmental Rating System (NABERS).  Finally, a visual 
inspection of each building in the database was undertaken to verify physical attributes were accurate and to 
add attributes not found in the existing databases.  
 
1.6 Scope of the research and glossary of terms 
There are a number of terms and definitions used in the analysis and ensuing discussion. Although many of 
these terms are common in the property or construction disciplines, they are not commonly used outside these 
circles. Reference should be made to the glossary of terms in Appendix 1 for terms and abbreviations used in 
this thesis. 
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Chapter Two   
Building Adaptation Theory 
 
2.1  Building lifecycle theory 
The concept of lifecycle is that there is a beginning, middle and an end; all living organisms experience lifecycles 
of varying lengths and buildings are the same in this respect.  The theory is applied to costs and allows 
practitioners and researchers to evaluate the total costs associated with building construction and operation 
over an expected lifecycle term. Figure 2.1 illustrates the relationship between the total costs for a building over 
time looking at three factors; structure, services and the space plan (i.e. furniture and fit-out).  Seven layers of 
change over time were identified within buildings; the site, structure, skin (building envelope), services, space 
plan (interior layout), stuff (furniture and equipment) and souls (people) (Brand 1994).  There is a sliding scale 
in terms of the time frames before change occurs.  Whilst the site is permanent, the structure lasts from 30-300 
years, the skin 20 plus years, services 7-20 years, the space plan lasts for 5-7 years, stuff less than three years and 
the souls change daily (Brand 1994).  
 
Estimates of the time changes vary between studies because of varying conditions and expectations in different 
property markets.  For example, an assessment of the Norwegian office market stated that commercial building 
structures are estimated to have a typical lifecycle of 50 years (Arge 2005). Typically within the 50 year 
timeframe the building’s services will need to be replaced and upgraded (due to improvements in technology 
and increases in user expectations) three times.  However, the space plan element will be changed the most 
frequently, typically every 5-7 years, though often less.  
 
Initially the total building costs are proportioned fairly evenly with the structure costing slightly more than the 
services and space plan (figure 2.1).  This represents the traditional view of buildings costs which takes account 
of only the initial costs and does not consider the ongoing or lifecycle costs of buildings.  However, over time 
the expenditure on the services and the space plan mean that at the 50 year point the total costs are highest for 
the space plan followed by the services (Duffy & Henney in Brand 1989).  The building structure costs are 
significantly lower at this point in time (figure 2.1).  The analogy of theatre is used to describe the notion that a 
building needs to have adaptability designed in so that it can be altered easily for future changes to the services 
and space plan factors (Arge 2005).  In theatres, buildings are required to adapt to the needs of current 
productions and that over time theatres remain little changed, while the sets and arrangements change regularly 
to accommodate the plays (Arge 2005).   
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Figure 2.1 Relationship between the total building costs over time looking at the structure, services 
and space plan adapted from Duffy and Henney (1989) 
 
 
It is accepted that changes occur within building lifecycles and Douglas (2006) found a five stage cycle, each 
having a distinct phase with specific characteristics.  The first stage Douglas (2006) labelled ‘birth’ when a new 
activity or process is housed by the building and a new user is accommodated.  The second stage is called 
‘expansion’ where new requirements are accommodated, new services are introduced and the internal layout is 
adapted.  In addition, with this stage there is a strain placed on the building fabric, where possible extension 
may occur and changes in function or spatial performance may result.  ‘Maturity’ is the classification for the 
third stage in the cycle, where either uses continue to fit the building and periodic maintenance and minor 
adjustments are made or current needs exceed capacity and new space is taken elsewhere.  Stage four is 
‘redundancy’ due to changes in sources of power, societal cultural values, market needs, technology and or 
catchment areas: here the building is partially or totally obsolete, and may be partly or totally vacant.  The 
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building might be subject to vandalism or it may be occupied by squatters, it may be mothballed or partially or 
totally demolished.  The final stage is ‘rebirth’ or ‘demolition’ where thought will be given to reuse and the 
building restored, refurbished or demolished.  At this point the building can be made more sustainable or a new 
building may be provided after demolition.  This concept of lifecycles is shown in the figure 2.2 where 
adaptation can take place at every stage after ‘birth’ (Douglas 2006).  Note that the level or type of adaptation 
can and does change according the stage within the building lifecycle.  Minor adaptations initially give way to 
more major adaptations as time passes and the building meets the needs of users and the market to a lesser 
extent.  
 
Figure 2.2 Key Stages in building lifecycles adapted from Douglas (2006). 
 
 
  
2.2 Building obsolescence theory 
The theory of building obsolescence has been thoroughly documented by Baum (1991) and others (Barras and 
Clark 1996, Pinder et al. 2003).  Obsolescence is a measure of a lack of utility or function relative to the 
conditions prevailing in the population of similar building stock as a whole and thus the supply of buildings is a 
factor in obsolescence as well as demand.  The study of how buildings deteriorate over time and are affected by 
defects is known as building pathology (Watt 1999).  Obsolescence affects every building to some degree at 
Adaptation can occur at 
this point Adaptation can 
occur at this point 
Adaptation can 
occur at this point 
Adaptation can 
occur at this 
point 
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some stage during its lifecycle (Douglas 2006).  As buildings age, the rate of decay increases and the decline in 
building condition escalates unless arrested in part by regular maintenance and upkeep (Millman 2004).  
Building obsolescence has been likened to the Second Law of Thermodynamics, whereby all processes manifest 
a tendency towards decay and disintegration (Douglas 2006); the disintegration in buildings is accompanied by 
obsolescence.  There are six principal types of obsolescence: economic, functional, social, legal, physical and 
aesthetic (Barras & Clark 1996).  Table 2.1 illustrates the type, criteria and factors of building obsolescence and 
their influences. 
 
 
Table 2.1 Main types of building obsolescence and their influences (Barras and Clark 1996). 
Type of building 
obsolescence 
Criteria Factors 
Economic (including site and 
financial) 
Cost effectiveness 
Rate of return 
Depreciation  
Rental income levels 
Capital value versus redevelopment 
value 
Oversupply or drop in demand 
Functional (locational)   Fulfilment of purpose 
Degree of use 
Technological adequacy  
Decreased utility 
Inadequacy 
Incapacity 
Errors and omissions in the buildings 
layout and form 
Technical advances  
Physical (including 
environmental) 
Structural stability 
Weather tightness 
Overall performance  
Structural failure 
Physical deterioration 
Dilapidation  
Urban blight 
Social (including cultural) Satisfaction of human needs 
Cultural requirements   
Demographic trends and shifts 
Changes in taste and style 
Changes in expectancy levels 
Legal (including control) Compliance with statutory 
regulations  
Changes in legislation or regulations 
Changes in planning policies 
Existing adverse legislation 
Nuisances and hazard – dangerous 
buildings  
Aesthetic (including 
architectural) 
Style of architecture is no longer 
fashionable  
Office building designs of the 1960s 
 
 
Given the range of causes of obsolescence, these causes cannot be predicted or forecast and therefore it is not 
easily controlled.  For example during periods of rapid economic, technological or demographic advances the 
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rate of obsolescence can increase.  However there is widespread acceptance that there is a relationship and that 
a building’s physical condition declines with time, a hypothesis posited by Nutt et al. (1976) and others (Barras 
and Clark 1996).  Ultimately when a certain level of obsolescence is reached a building may require adaptation. 
More recently some have argued for another type of obsolescence, for example ‘environmental’ or sustainability 
related building obsolescence whereby the obsolescence is caused by a lack of sustainable building features 
demanded by the market (Reed & Wilkinson 2006). 
 
2.3 Building performance theory 
Considerable work has been undertaken since the 1970s to develop best practice and define the discipline area 
of building performance evaluation theory and figure 2.3 illustrates the placement of adaptation within a 
buildings lifecycle (Preiser 2005).  Building Performance Evaluation (BPE) is the process of managed, 
structured and systematic assessment of building performance in a number of areas such as the building 
structure and fabric, and building services.  The conceptual model shows how BPE sits within a cyclical notion 
of a building’s lifecycle.  The theoretical framework for BPE evolved out of the practice of Post Occupancy 
Evaluation (POE).  POE is the structured collection of quantitative and qualitative data from building facility 
managers and users of the building performance. BPE occurs at all stages of the lifecycle whereas POE is 
undertaken after commissioning of services and initial completion and occupation of the building.  According 
to Preiser (2005) adaptation takes place at the end of the useful building lifecycle or at the point where 
continued current use is no longer perceived to be economically viable (Preiser, 2005).  This contradicts the 
view of Douglas (2006) presented in figure 2.2 which is a more realistic view of what occurs in practice and 
Preiser’s model (figure 2.3) has been adapted to reflect more realistic practice stated by Douglas (2006).  
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Figure 2.3 Building performance evaluation process model adapted from Preiser (2005). 
 
 
Through the work of Preiser (2005) and others (see Isaacs in Baird 1996) robust, structured and meaningful 
methods of building appraisal and evaluation have been developed.  Building owners and their consultants can 
opt for ‘off the shelf’ evaluation tools, custom made, or adapt existing tools to suit their particular needs.  It is 
the extension and evolution of these BPE tools that researchers in building adaptation appraisal are seeking to 
achieve.  The goal is to replicate some of the best practice approaches and strengths of the BPE tools to some 
extent, whilst avoiding the weaknesses.  It should be noted that a limitation of some of the BPE techniques is 
that they tell the appraisers the ‘what’ of BPE but do not extend to decision-making tools.   
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2.4      Building adaptation theory 
The arguments for and against building adaptation have been posited by many researchers and are often 
categorised under the headings ‘social’, ‘economic’ and ‘environmental’ factors.  Within the factors there are 
sub-sets.  For example, within economic drivers the availability of government incentives or risk factors can 
have an effect.  In addition there are regulatory and legal, location and site, and physical building factors which 
affect adaptation.  Figure 2.4 shows a model of the factors which have been identified in the literature as 
influencing the decision to undertake adaptation.  All factors in the model have a direct relationship with 
adaptation, however some factors also have links with other factors (shown as the dotted line in figure 2.4). 
Figure 2.4 Conceptual model of decision-making factors in building adaptation. 
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grants, waiving 
development charges, 
height and density 
bonusing, tax breaks.  
 
Regulatory and legal 
- planning, rezoning, 
building code, fire, 
access and heritage. 
 
Building 
Adaptation 
Major relationship / link                    Direct relationship to building adaptation  
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2.4.1  Social factors  
A key social argument is that adaptation allows society to retain the social and cultural capital embodied in 
buildings (Bromley et al. 2005, Bullen 2007).  There are many examples of buildings where the original use has 
evolved over time.  For example the Tower of London has, during its thousand year history, been used as a 
prison, a residence and a tourist attraction.  It is argued that many generations past, present and future have 
enjoyed or will enjoy learning about history through experiencing this building; a tangible link to the past with 
its many rich layers of historical and cultural experiences. 
 
Whilst the statement about retention of cultural and social value is true for some property, it cannot be 
supported for all buildings such as those with very poor building quality or buildings which have a stigma 
attached to them.  It follows that some form of selection process is required to determine which buildings 
should be retained for the wider benefit of society and culture.  In Melbourne, the historic listing process 
provides a method of determining which buildings are considered to have cultural and social significance.  The 
Victorian Heritage Act 1995 administered by Heritage Victoria is the Victorian Government's main form of 
cultural heritage legislation.  The Act enables the identification and protection of heritage places and objects 
that are of significance to the State of Victoria.  The Heritage Act establishes the Victorian Heritage Register, 
the Heritage Inventory and the Heritage Council of Victoria.  However this listing and protection process is not 
without flaws; previously some building types have been excluded from historic listing as at the time of 
consideration for listing, they were felt to have little or no value.  Industrial buildings are a good example of this 
omission.  Some industrial buildings are now considered to have high cultural and social value and in 
recognition of this value are now included in historic listings.  However many industrial buildings we would 
consider to have cultural, social and heritage value have been demolished and lost forever.  There is another 
view that some planning legislation relating to heritage and to non heritage stock limits the scope and extent of 
adaptation that can be undertaken and in the process compromises the needs of contemporary owners and 
users (Douglas 2006).  
 
More broadly, adaptation is perceived as part of urban regeneration with aspirations that future generations 
gain from the protection of buildings (Bullen 2007, Egan 1988, Department of Environment and Heritage 
2005).  It is argued that adaptation of existing buildings, within an urban regeneration project delivers social 
goals such as affordable (or social) housing, or employment opportunities in areas affected by higher 
unemployment and so on (Ball 2002), thus all sectors of society benefit from adaptation and urban 
regeneration, not just private businesses.  On this basis community views are part of decision-making within 
planning legislation where changes are proposed to existing buildings as shown in figure 2.4.  Within Australia 
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building adaptation and regeneration is perceived as an ‘essential component of sustainable development’ 
facilitating a ‘glimpse of the past, lending character and identity to an area and providing footnotes to history’; it 
is a positive perspective without negative connotations (Department of Environment and Heritage 2005).  In 
reality there is potential danger that cities face periods where large numbers of obsolete buildings awaiting 
adaptation blight the region socially (Bryson 1997). 
 
A social argument against building adaptation is that the standards required by contemporary buildings and 
building users are not achievable by adapting existing stock; for example in some cases indoor air quality, 
thermal and acoustic performance requirements cannot be met (Bullen, 2007).  It is true that user expectations 
of building quality, especially internal environment quality has risen considerably over time (Pinder et al 2003). 
Compliance with performance standards will vary depending on the physical form of the building to be adapted 
and the end use required (see legal issues section 2.5.4).  The argument that building users will be required to 
occupy substandard space with adapted buildings is strongly countered by the extensive number and wide range 
of building types successfully adapted and reused (Bullen 2007). 
 
Whilst it is argued that the creative component of new build is absent in adaptation, it is noted that the 
creativity lies in fitting contemporary needs into the old and not starting with a blank canvas (Bullen 2007).  An 
extension of this argument is that the buildings of the 1950s and 1960s were too ‘ugly’ and embody aesthetic 
and social blight to be retained and adapted (Bullen 2007).  There are two contrary views that can be posited 
here. Firstly the point on the aesthetic qualities of buildings from the 1950s and 1960s is subjective; clearly the 
buildings were considered aesthetically appropriate at the time, because planning permission was awarded.  It is 
possible that the buildings of the 1950s and 1960s will be appreciated in future. Secondly, and in any case, it is 
possible to substantially modify a building’s external appearance with adaptation.  
 
A strong case against the social benefits argument of building adaptation is that social goals are not always 
realised.  The social aims of three major UK urban regeneration projects; namely London Docklands, Cardiff 
Bay and the Bristol Maritime Quarter all failed to produce the social mix in the project goals, though the 
economic goals were achieved (Bromley et al. 2005).  Each of the projects involved the adaptation of existing 
buildings on the sites to form part of a wider regeneration of areas suffering social and economic blight.  The 
study examined mature urban regeneration projects, which featured substantial building adaptation 20 years 
after the projects commenced.  Clearly if the social goals of these high profile projects cannot be achieved, 
stakeholders should be wary of projects promising significant positive social impact (Bromley et al. 2005).  
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A further dimension of the social argument is derived from social stigma associated with previous use which 
makes them unsuitable for adaptation (Kucik 2004).  The concept of social stigma varies from between 
countries, for example, in the US asylums or prison buildings were considered unlikely to be attractive 
propositions for adaptation to residential (Kucik 2004).  However in Australia, there are examples of successful 
building adaptation of prisons for residential use, such as Pentridge Prison in Coburg, Melbourne which housed 
notorious prisoners such as 19th century bushranger Ned Kelly and 20th century murderer Chopper Read. 
Given Australia’s convict history, the social status and/or perceptions of prisons may be different to those of 
other countries.  Adaptation of churches and places of worship present some cultural and social issues in 
different countries and is another example of the suitability of some land uses for adaptation.  Thus it appears 
that in some cases stigma issues will have a negative effect on the decision to adapt a building and that this 
aspect is very much influenced by the local social, cultural and traditional beliefs and conditions.  
 
On an individual building scale, research has shown some owners perceive building adaptation negatively in 
social terms because of a general resistance to change, a dislike of disturbance caused during alterations and 
problems associated with planning legislation and the planning process (Snyder 2005).  For some individuals 
and organisations, building adaptation is a decision they would seek to avoid or defer if possible.  
 
2.4.2  Environmental factors 
There is a very strong argument on the basis of environment.  The argument is building adaptation is inherently 
sustainable because it involves less material use (i.e. resource consumption), less transport energy, less energy 
consumption and less pollution during construction (Johnstone 1995; Bullen 2007).   Furthermore embodied 
energy contained within existing stock is considerable and the Australian Greenhouse Office estimated the 
reuse of building materials saves approximately 95% of embodied energy (Binder 2003).  Embodied energy is 
the energy used in the original construction of the building and this energy is lost when the building is 
demolished and nothing is salvaged for re-use and/or recycling because all materials are sent to landfill sites.  
Demolition is wasteful in terms of materials (Department of Environment and Heritage 2005).  The 
environmental argument is so convincing that a UK study noted even when economic costs are high; the 
environmental and social arguments can sway the decision in favour of adaptation (Ball 2002).  
 
Adaptation of existing stock and the notion of recycling buildings are the most critical aspect of improving 
sustainability of the built environment (Cooper 2001, Ball 2002).  The negative impact of buildings on the 
natural environment is degradation of habitats, altered eco-systems and reductions in bio-diversity resulting 
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from land use.  Furthermore impacts such as reductions in air and water quality contributes to the emergence 
and spread of infectious diseases which affect humans as well as animals (Koren & Butler 2006).  Building 
adaptation presents the opportunity to integrate sustainability retrospectively and therefore the environmental 
argument is strong (Douglas 2006, Langston, 2010).  Environmental assessment tools were developed to assess 
and measure building impact on the environment.  The Building Research Establishment Environmental 
Assessment Method (BREEAM) for new UK office buildings was established in 1990, with a version for 
existing offices following in 1994.  BREEAM aimed to set a benchmark and a framework to evaluate the 
environmental credentials of buildings.  Other assessment tools such as the Australian Green Building 
Council’s GreenStar and the US Leadership in Energy and Environmental Design (LEED) have followed, 
signifying the perceived importance globally of re-using existing buildings to deliver a more sustainable built 
environment.  
 
In addition the adaptation of buildings in older industrial areas and working class suburbs is a trend that could 
limit urban sprawl, stabilise the requirement for the use of concrete and other materials and reduce material 
flows associated with building construction (Douglas, 2006).  Thereby adaptation can deliver environmental 
sustainability as well as social and economic sustainability.  Furthermore adapting building shells with energy 
efficient cladding systems to achieve 5 star energy ratings could stabilise energy use by the residential and 
commercial building sectors.   
 
The environmental argument against adaptation of existing buildings arises where the building has excessive 
amounts of deleterious or hazardous materials, such as asbestos which poses a risk to human health (BRE 
2009).  It is argued buildings with a long history of Sick Building Syndrome (SBS) may not be suitable for 
adaptation on environmental grounds unless designers and consultants are confident the SBS issues can be 
addressed.  No other environmental arguments against building adaptation were found which reflects the 
strong environmental case in favour of adapting existing stock rather than demolish and rebuild. 
Environmental issues within the conceptual model of decision-making in building adaptation are illustrated in 
figure 2.4 and have a link with regulatory issues for example energy efficiency within the Building Code of 
Australia which sets minimum standards in respect of some adaptations. 
 
2.4.3  Cost and economic factors 
The economics of adaptation are a starting point for many building owners considering adaptation and have 
strong links with risks and government incentives in the decision to adapt as shown in figure 2.4. A compelling 
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economic argument is it is often cheaper to adapt a building rather than demolish or build new (Campbell 1996, 
Highfield 2000, Ball 2002, Douglas 2006, Shipley et al. 2006, Bullen 2007).  An adaptation potential study in 
Stoke-on-Trent concluded that adaptation was the cheaper option (Ball 2002), a finding that was supported by a 
subsequent study in New South Wales where financial savings were found when adaptation was compared to 
new build projects (Department of the Environment and Heritage 2005). However, the counter argument is 
that new build is comparatively more straightforward, in which case construction costs are often lower than 
adaptation (Bullen 2007). Clearly there are factors which can lead to lower or higher comparative costs when 
adaptation is compared to new build. 
 
Another economic argument is that construction periods are reduced with adaptation because less or no 
demolition is undertaken and consequently the construction period is shortened; thereby reducing the financing 
costs (Highfield 2000).  A further positive aspect is that older properties can have higher plot ratios for 
development.  Plot ratio is a measure of how much development is allowed on a particular parcel of land.  
Older properties with high plot ratios work favourably with reuse as higher profits can be delivered because 
higher densities of development are realised (Highfield 2000).  Recently there has been a reversal in planning 
density policy in many urban centres globally, where the aim is to increase occupational densities in buildings as 
part of the drive for increased city centre sustainability.  In many cases older stock with more generous space 
allocation can be reconfigured to increase occupational density. 
 
There is evidence that building adaptation increases property value.  In an investigation of the impact of 
adaptation on high density residential property in Hong Kong, a 9.8% increase in property value compared to 
identical un-refurbished property in the same area was noted (Chau et al. 2003).  Another study separated the 
impact of adaptation on Hong Kong residential property and found 6.6% improvement in value attributed to 
building adaptation alone and demonstrated that adaptation was preferable to redevelopment on a cost-benefit 
evaluation (Yui & Leung 2005, Yau et al. 2008).  In commercial stock the expectation would be for higher 
rental yield post adaptation or higher capital value at the point of sale. As Chandler (1991) noted owners of 
office buildings will often seek adaptation as a means in increasing rental returns and this is a motivation for 
some adaptations. 
 
However not all projects are economically positive and some studies have showed adaptation costs surpassing a 
comparable new build.  Where original buildings are complex or have requirements due to listing or legislation, 
costs are likely to be higher than new build, thus stakeholders need to appraise this issue early on in the 
decision-making process (Hollyoake and Watt 2002).  Perceptions of higher construction and project costs are 
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an economic issue.  Canadian bankers and developers ‘thought’ adaptation costs were too high and this 
preconception prevented many investors from considering adaptation projects (Shipley et al. 2006).  As a result 
uncertainty and perceived higher risk made it harder for developers to secure financial backing on adaptation 
projects particularly where site remediation was concerned (Shipley et al. 2006) which lead to a reduced number 
of adaptation projects overall.  Additional economic problems associated with adapting existing buildings are; 
ongoing maintenance and costs, installation costs and cost constraints compared to cost savings (Hollyoake and 
Watt 2002).   
 
A different economic issue is associated with poor build quality in some buildings which can drive up 
adaptation costs to the point that new build becomes more viable (Bullen, 2007).  When indirect costs, such as 
disruption caused by adaptation, loss of tenant goodwill and loss of amenity during the works are added in, the 
economic argument weakens further (Chau et al. 2003).  Loss of tenant goodwill and loss of amenity during 
works are difficult to quantify absolutely in monetary terms and rely on a degree of subjective opinion to 
evaluate the overall economic cost.  A study into the financial drivers for adaptation in Nottingham, England 
found financial grants and incentives were needed to promote adaptation of secondary office space which had 
been vacant or partially occupied for some time (Bryson 1997).  In other words, in certain markets building 
adaptation requires financial incentives or funding to make the business case favourable, the building’s physical 
condition has a critical impact on viability and indirect costs have to be factored into economic decision-
making.   
 
A driver for adaptation over new build is cost. A study of 2250 UK building projects in 2005 showed that 
adaptation costs as a percentage of new build costs was around 66% of the cost of new build (Douglas 2006). 
Generally there is a case for adaptation on the basis of cost alone, however other factors, such as end use value 
and physical considerations, are included in the decision to adapt a building.  When adaptation costs were 
considered during a UK study of 2250 projects it was found flats (units) and community centres were most 
expensive to adapt, followed by churches, factories, hospitals, public houses (hotels), primary schools and 
offices, estate housing (social housing) and banks (Ball, 2002).  Bank building adaptation costs ranked lowest 
because the buildings required the least amount of work to adapt them for an alternate use (say to a restaurant 
or retail outlet) which kept the costs down presumably as many occupiers retain original bank building features.  
Conversely the costs of adapting flats (units) were highest because of the works required to adapt them and the 
amount of building services required in residential buildings.  
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In addition each of the stakeholders; namely owners, developers, tenants, consultants and the community have 
different and sometimes competing motivations with regards to adaptation. In respect of costs there are capital 
costs of adaptation, the ongoing maintenance costs and operating costs which are paid by different 
stakeholders. The impact of decisions relating to costs varies depending whether the stakeholder is a user or 
owner in the commercial market. This is important because developers are generally not concerned with life 
cycle costs if the project is a ‘develop and sell’ and focus mainly on capital cost (Wilkinson & Reed 2008). On 
the other hand users and tenants are concerned with building operating costs and owners concentrate on 
financial return that is rental levels and vacancy rates. Finally the community concern is the level of amenity, if 
any, provided by the building adaptation.  
 
2.5 Property attributes associated with adaptation 
Many studies have sought to identify the specific property attribute(s) which make an adaptation ‘successful’, 
though the concept of ‘successful’ varies from stakeholder to stakeholder (section 2.8).  The categories of 
attributes typically identified in the literature relating to ‘successful’ building adaptation are economic, physical, 
location and land use, legal, social and environmental and are shown in table 2.2.  
Table 2.2 Building adaptation attributes grouped into categories.  
Category Attribute  
Economic factors Current value  
Investment value  
Yields  
Increase in value post adaptation  
Construction and development costs 
Convertibility (ease of conversion to other use and costs associated 
with the conversion)  
Physical factors  Building height/number of storeys  
Floor plate size  
Shape of floor plate  
Service core location 
Elasticity (ability to extend laterally or vertically) 
Degree of attachment to other buildings 
Access to building 
Height of floors 
Structure  
Floor strength  
Distance between columns  
Frame  
Deconstruction (safe efficient and speedily ) 
Expandability (volume and capacity) 
Flexibility (space planning)  
Technological and convertibility  
Dis-aggregability (reusability / recyclability) 
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Category Attribute 
Location and land use factors Transport  
Access (proximity to airports, motorways, train stations, public 
transport nodes, buses and trams) 
Land uses (commercial, residential, retail and industrial or mixed use 
such as office and retail) 
Existing planning zones 
Rezoning potential 
Density of occupation 
Legal factors Ownership – tenure 
Occupation – multiple or single tenants 
Building codes  
Fire codes  
Access acts  
Health and safety issues  
Convertibility 
Social factors Community benefits – historic listing  
Transport noise  
Retention of cultural past  
Urban regeneration  
Aesthetics  
Provision of additional facilities / amenities 
Proximity to hostile factors 
Stigma  
Environmental factors  Internal air quality 
Internal environment quality  
Existence of hazardous materials (asbestos)  
Sustainability issues 
 
2.5.1. Economic attributes   
Adaptation has to be economically viable to be successful, although sometimes economic costs can be traded 
against social and environmental gains (Swallow 1997, Ball 2002, Highfield 2000, Kincaid 2002, Snyder 2005, 
Kersting 2006).  This perspective comes from triple bottom line accounting theory that has developed with the 
increased importance of sustainability. In 2007 the United Nations (UN) ratified the standards for urban and 
community accounting.  In triple bottom line accounting environmental issues are taken into account along 
with social and economic factors.  
 
A critical aspect is to ascertain the clients intentions regarding the end product, for example, do they wish to sell the 
adapted building on the open market or; do they intend to occupy the building themselves? (Swallow 1997).  Based on the two 
different outcomes, different features may be more or less important within the adaptation and may lead to 
different investment values and yields (table 2.2).  A study on adaptability in Norwegian office buildings found 
that owner occupied office stock had a higher incidence of ‘adaptability’ criteria compared to speculatively 
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designed office buildings.  Criteria which had been identified as being associated with ease of adaptation were 
found more often in owner occupied buildings and the researcher concluded owner occupied buildings would 
be more adaptable for long term occupation and thereby provide a greater return on investment over the whole 
building lifecycle (Arge 2005).  
 
Clearly there has to be market demand to bring about economically viable adaptation.  Positive user demand 
and active marketing by stakeholders were important criteria in successful building adaptation in the reuse of 
vacant stock in Stoke-on-Trent, England (Ball 2002).  In that market, user demand was for vacant industrial 
premises adapted specifically to provide low cost accommodation for new start-up businesses (Ball 2002).  
Thus market research into demand is an important aspect of economically ‘successful’ building adaptation 
because it affects the economic attributes such as yields, post adaptation value and investment (as highlighted in 
table 2.2).  
 
Another economic indicator is pre and post adaptation value, where for an adaptation to be considered viable 
or successful the result should be a net increase in value post adaptation.  By measuring the market value of 
refurbished residential blocks in Hong Kong one study found a positive relationship between adaptation and 
value (Chau et al. 2003).  Equally where property is adapted for rent, an increase in rental levels should be 
achieved for the post adapted property.  Another positive economic indicator is to have lower vacancy rates in 
adapted buildings compared to non adapted stock; which was the case for adapted stock in the Stoke-on-Trent 
study (Ball 2002).  
 
The costs of adaptation are often cheaper than new build, because for example, it is possible to reuse 
foundations and superstructure and offset the costs of these elements of the building.  Total costs are an 
important economic characteristic of adaptation (Ball 2002, Highfield 2000, Douglas, 2006, JLL, 2005, Davis 
Langdon 2008).  Typically owners are able to deliver a product to the market at around 66% of the costs 
compared to a new build development.  However where buildings are complex, heritage listed, and or have 
problems with deleterious materials then adaptation costs can surpass a new build project (Bullen, 2007).  
 
Depending on the condition of the original building it is possible to increase the overall quality with adaptation 
(Boyd and Jankovic 1993, Isaacs (in Baird et al) 1996, Swallow 1997, Snyder 2005, Kersting, 2006).  Quality is 
measured in various ways but generally and across all land uses, it can either provide a greater number of 
amenity features, attributes and/or a higher standard of services, features, fixtures and fittings.  In Australia, for 
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example, offices are graded by the Property Council of Australia as Premium (the best quality and highest rental 
levels), A, B, C and D grade.  Grade D is the lowest office grade with the least level of services and amenity and 
the lowest rental levels.  Thus it is possible with a well planned adaptation to increase the office quality grade 
from one band to another and simultaneously increase the rental and capital value of the building.  However, 
the capacity to upgrade an office building from one grade to a higher grade is dependent on the condition and 
location of the building (Boyd et al 1993, Isaacs (in Baird et al) 1996, Swallow 1997, Snyder 2005, Kersting 2006).    
 
A UK study showed that post adaptation buildings typically had lower running and operating costs than prior 
to the adaptation (Kincaid 2002).  The lower running costs accrue as a benefit of technological advances in 
building services since the original installation was made.  This reduction in running costs is another economic 
characteristic that could contribute to higher rental levels or higher capital values as noted in table 2.2 and is 
another positive economic characteristic of adaptation (Kincaid 2002).   
 
Given that it is important to know whether the property will be sold or leased post adaptation, arguably 
knowing the tenure of the property is important (Swallow 1997), that is to say; is the person undertaking the 
adaptation an owner occupier or lessee?  Owner occupiers are more likely to undertake larger scale adaptation 
than lessees who would be more likely to undertake minor fit outs tailored specifically to their needs.  
Furthermore: who is the owner?  Are they private individuals or is the owner an institutional owner, i.e. is the 
property part of a portfolio of properties managed professionally by a financial institution?  Different types of 
owner are likely to undertake different types and levels of adaptation.  Institutional investors would buy and sell 
property in the short, medium and long term for profit and would be more likely to use professional property 
consultants to advise them on the market conditions and adaptation potential.  Whereas private individuals may 
or may not have such ready and immediate access to such professional advice, thus the tenure or ownership of 
the building may contribute to the degree and extent of adaptation activity.  
 
2.5.2. Physical attributes  
Not surprisingly, the most prevalent category of building related attributes found in the literature is physical 
characteristics (table 2.2).  Clearly the physical building itself determines to a large extent whether adaptation is 
possible and or desirable.  All studies identified the age of the building as an important physical consideration 
(Barras 1996, Ball 2002, Fianchini 2007, Nutt et al. 1976).  
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Some buildings, such as those constructed in the 1960s feature certain forms of construction and materials (e.g. 
asbestos) which makes adaptation more expensive or challenging because of the need to comply with strict 
legal requirements for safe removal (Bullen 2007).  The use of asbestos in construction, usually as a form of fire 
protection, creates a problem for adaptation associated with the physical attributes of the property because of 
the challenges of removal without destroying or compromising the structural integrity of parts of the building.   
 
Building height was an important factor in adaptation (Povall & Eley in (Markus 1979), Gann & Barlow (1996). 
The type of construction of the frame and the condition of the frame is important.  Many studies concluded 
steel framed buildings were more easily adapted to new configurations of internal space because of the ease of 
cutting into steel beams compared to concrete structures (Povall & Eley in Markus 1979, Gann & Barlow 1996, 
Kincaid 2002).  A study about integrating the past and present through adaptation noted the frame and 
construction type as significant factors (Kersting 2006).  A frame in sound structural condition has the potential 
to accommodate adaptation, whereas a building frame in poor condition will require extensive costly works to 
accommodate a new or changed use which impacts on economic viability. 
 
Floor size in the London office market was found to be an important characteristic in building adaptation 
(Kincaid 2002).  Office buildings with unusually shaped floor plates or sizes were more difficult to adapt than 
those having large open plan space that was suited to sub-division in a number of ways for different user needs 
(Kincaid 2002).  The Swiss Re Tower in London, with its circular floor plate failed to lease as quickly as other 
buildings with a similar specification because users found the curved floor plate created unusable space. 
Buildings with unusual irregular plan shapes are harder to adapt to suit a wider range of new users (Kincaid 
2002, Povall & Eley in Markus 1979).  In conclusion whether a building has a deep plan, narrow plan with a 
wide frontage, a narrow plan, an irregular or a curved plan shape was found to impact on a building’s 
adaptability and market appeal.  
 
Other studies noted the location of the services core was an important consideration (Gann & Barlow 1996, 
Snyder 2005, Szarejko and Trocka-Leszczynska 2007).  Services cores in commercial buildings can be located 
centrally, offset towards the front or rear of the building or in dual/multiple locations.  The location of the 
services core affects the ability to sub-divide the space, for example it affects how services can be delivered to 
various parts of areas of the building.  Therefore depending on the size and shape of the floor plates and 
whether the demand is for large or smaller floor areas, the location of the services core can affect how easy and 
costly adaptation might be.  Often a central location will give greater scope for sub-division of the floor plate 
whilst minimising corridor and circulation space.  
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The site on which the building is located is perceived to affect the adaptation potential of property. For 
example whether a building was detached or attached on one or more sides affects the ease or desirability for 
adaptation.  With less attachment to other buildings contractors are able to undertake their operations with 
greater speed and less disruption to any remaining building occupants (Povall & Eley in Markus 1979, Isaacs in 
Baird et al. 1996).  Similarly, many researchers noted building access or, the number of entry and exit points, is 
a vital characteristic affecting adaptation potential across a range of property types (Povall & Eley in Markus 
1979, Gann & Barlow 1996, Ball 2002, Snyder 2005, Kersting 2006, Remøy & van der Voordt 2006).  The more 
access points a building has, the more flexibility there is for adaptation.  
 
A European office adaptation study found that an optimum floor to floor height of a minimum 3.60 metres 
gross or 2.70 metres net existed for office adaptations (Arge, 2005).  In Australia there will be a preference for 
certain floor to floor heights for some types of building adaptation.  Whilst no published information in 
relation to adapting existing buildings was found, design guides for new buildings state the optimum floor to 
ceiling heights in offices are 3.6 metres for ground floors and 2.6 metres for upper floors (Ryde 2006).  Note 
that Ryde (2006) measured floor to ceiling heights and Australian conventions, whereas the Arge (2005) study 
measured floor to floor height, which includes the floor slab and European practices.  
 
Building width is an important criterion in adaptation; one study established a benchmark for building width in 
adaptations of 15 to 17 metres (Povall & Eley in Markus 1979) which was substantiated 26 years later (Arge 
2005).  The studies showed that buildings of certain widths were more adaptable than others; that is they were 
able to accommodate a range of space configurations and user needs more frequently.  Similarly the technical 
grid, or the distance between the structural columns on the floor plate (table 2.2), within the building affected 
the ease with which it could be adapted for new and other uses and an optimum or desirable grid of 2.40 
metres between columns was identified (Arge 2005).  
 
A study into London office buildings concluded that floor strength was an important factor in adaptation 
(Kincaid 2002).  Buildings with floor strength of 3 kN/m² or less suited residential uses, those between 3 to 5 
kN/m² suited retail, office and hospital uses, those between 5 to 10 kN/m² suited light industrial uses and 
those buildings with floor strength above 10 kN/m² fitted industrial and warehouse uses.  Thus, in adaptation, 
floor strength has to be assessed to determine the land uses which are possible and suited physically to the 
existing floor structure.  For example, it is not possible to accommodate office use in a building with existing 
floor strength of 3 kN/m², unless strengthening works or replacement of the floor is undertaken.  
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In an examination of office buildings and services components to assess adaptation potential, it was found that 
within the technical grid the type of heating ventilation and air conditioning equipment was significant and 
whether an allowance had been made to accommodate extra capacity in the original design and specification 
(Arge 2005).  Furthermore the provision of raised floors in office buildings allowed for changes and upgrading 
of cabling for information technology (IT) systems to be undertaken with ease.  It was found that zone based 
internet communication technology provision allowed for more flexibility and adaptability within office 
building and was a sought after characteristic (Arge 2005).  Another feature within the technical grid of office 
buildings is the suspended ceiling grid where horizontal and vertical sound proof barriers could be fitted to 
zone off parts of the floor plate for different users.  Each of these features of existing buildings was grouped in 
the category labelled ‘generality’ (Arge 2005). 
 
‘Flexibility’ is focussed on the attributes buildings possess which make them easier to change and adapt (Arge 
2005).  Within flexibility, modularity means that the building is made up of modules or smaller units which can 
be rearranged, replaced, combined, or interchanged easily was important.  Another vital aspect identified was 
termed ‘plug and play’ building elements, which allow for a fast change of layout, or change of services and wall 
systems.  For example, office partitions that can be easily dismantled and re-erected to accommodate changes 
in space plans (Arge 2005).  It was argued that flat soundproof ceilings were required to allow for an easy 
change of wall partitions to ensure there were no problems associated with sound transmission following 
adaptation (Arge 2005).   
 
A study into adaptation attributes for office buildings found potential for vertical and lateral extension was an 
important characteristic (Arge 2005).  Buildings which offered scope for either lateral or vertical extension were 
considered more adaptable than others because the overall size of the building could be increased to suit new 
uses and occupiers.  The same study concluded ‘elasticity’ was an essential characteristic for office adaptations. 
Elasticity refers to the ease of extending the building either laterally or vertically.  There were other attributes 
within elasticity such as building form and organisational space and ease of compartmentalisation. 
Compartmentalisation is a term which covers the sub-division of space for different users.  Functional 
organisation of space was found to be important, and deemed to be the ease with which a change of function 
can be accommodated within the building.  In offices, the provision of fire sprinklers allows for large 
continuous spaces to be provided where desired and for the building regulations to be complied with.  The final 
component of elasticity within office buildings is the potential for sub-division for either letting or sale 
purposes.  Buildings which can be easily sub-divided for sale or lease to a number of different tenants or 
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owners were seen as highly desirable, allowing owner’s to keep abreast of changes in market demand for office 
space (Arge 2005).  
 
2.5.3  Locational and land use attributes  
Previous studies considered the location of the building and how it affects adaptation (Kincaid, 2002; Douglas, 
2006; Highfield, 2000) as important (table 2.2).  Location is considered in the context of the proximity to public 
transport which has been noted as an environmentally positive aspect in building adaptation because it reduces 
private car use and the associated greenhouse gas emissions.  The amount of on-site parking provision is 
considered important for some adaptations where little or no public transport is available (Douglas, 2006).  
 
Previous research has shown that land use attributes are important in determining whether building adaptation 
is successful or otherwise (Arge, 2005).  The existing land use affects the potential for a new or changed land 
use to some degree, for example an office to a residential change of use.  The existing planning zone 
determines legally what is considered permissible development in a designated area.  In Melbourne the term 
adopted by the legislation, the Planning and Environment Regulations 1998, is planning zone.  The planning zones 
are coded for particular land uses such as, residential (R1Z), business (B1Z), mixed use zone (MUZ) or other. 
The zones are listed in the planning scheme and each zone has a purpose and set of requirements. It is possible 
to have sites rezoned in the legislation.  For example industrial or office zones can be reclassed for residential 
land uses. A proactive policy from the city authority in Toronto during the 1990s promoted increased rates of 
adaptation from office use to residential; thus rezoning potential of the land is an important criterion to note in 
assessing adaptation (Heath 2001).  Operational land use issues include the density of occupation of the land. 
Within Australia, as in other countries, there is an ongoing planning land use debate about increasing density of 
the built environment to prevent erosion of green belt land within and around the existing city (City of 
Melbourne 2005).  Increasingly city authorities in Melbourne have been amenable to increasing density of 
occupation as part of a strategy for increasing sustainability of the city centre.  
 
2.5.4 Legal attributes 
Buildings have legal issues attached to ownership, transfer of ownership and in regard to leasing (table 2.2). 
Previous studies concluded that adaptation is affected by the tenure of the property, for example, is the person 
undertaking the adaptation the owner or a lessee? (Swallow, 1997).  The period of time for which the party has 
an interest in the building is important and may affect the amount of funds they are willing to invest in 
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adaptation.  For example, an owner has an interest in perpetuity whereas a lessee’s interest will last for the 
duration of the lease term, typically five years in Melbourne.  
 
Owners can be institutional owners or private owners. Institutional owners are defined as pension or 
superannuation funds, financial companies or organisations which invest in property for stakeholders such as 
investors.  As such institutional owners seek to maximise the return on investment in property or buildings for 
their stakeholders or shareholders, and will utilise professional building and property consultants to ensure this 
is achieved.  Institutional investors are likely to use professional consultants to advise when adaptation has 
become economically and physically desirable.  
 
Private owners may be companies or individuals who may or may not use professional property and 
construction consultants to the same degree that institutional owners do.  Private owners may reside offshore 
and may hold the property for a number of reasons, for example for future development or for rental income 
or capital growth.  Private owners may engage in less or more adaptation; however this is unknown at present 
as no adaptation studies recorded such data.  
 
Another legal aspect which affects the ability to undertake adaptation is the way the building is occupied, for 
example some buildings have single tenants and when the lease expires there is an opportunity to adapt. 
However, when a building has multiple tenants, it is unlikely that all leases will expire simultaneously, therefore 
the building may be partly empty (and not earning income) for a period before all leases have expired and the 
building is available for adaptation.   Alternatively an owner can negotiate with tenants to terminate leases early 
and compensate the tenant or to decant tenants, temporarily or permanently, to other floors within the building 
whilst adaptation is undertaken.  Such an approach of temporarily decanting tenants was adopted by the Kador 
Group in their adaptation of the 28 storey building at 500 Collins Street in Melbourne where three floors at a 
time were adapted and the existing tenants were moved around to suit the building program (Your Building, 
2009). 
 
The final legal consideration noted in the literature on adaptation is the building classification (Arge, 2005). 
Under the Building Code of Australia (BCA) 1994, each building type has a classification which is given a 
number.  For example, residential buildings are either Class 1 or 10 or, for high rise or multi unit residential 
buildings Class 2.  Office buildings are Class 5 and shops or retail buildings are Class 6 in the BCA. Different 
building standards or regulations apply to the different classes of buildings within the BCA and where an 
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adaptation involves a change of use from one class to another, different standards will have to be met within 
certain sections of the BCA.  Thus within Australia, the building Class may favour change of use adaptations 
from one Class to others to a greater or lesser extent.  For example changing from residential to office use may 
be more expensive and complex than a change from office to residential classification under the BCA.  In 1996 
the BCA changed fundamentally from a ‘deemed to satisfy’ code to a performance based code.  A performance 
based building code allows architects, designers and engineers to demonstrate that code standards are met 
through a more flexible way than previously.  It is anticipated that this change to the BCA would favour 
increased adaptation.  
 
2.5.5  Social attributes 
This section examines attributes associated with social attributes and property adaptations as shown in table 2.2. 
For example historic listing is a means of protecting architecturally or socially significant buildings for the wider 
benefit of society.  The benefits of adapting heritage listed buildings are that the cultural and social values 
embodied within the building are retained for the wider benefit of the community (Ball 2002).  A US study 
concurred with this view of social and cultural worth when researching adaptation of culturally significant 
industrial buildings (Snyder 2005).  Though it is noted adaptations involving listed buildings can be more 
expensive than unlisted building adaptations because of the additional costs involved in using traditional 
building materials, techniques and craftspeople (Bullen 2007).  Historic listing can be, and is, categorised under 
legal issues as well as social.  
 
Numerous studies noted the benefit of proactive policies and or legislation in building adaptation (Chudley 
1981, Gann & Barlow 1996, Highfield 2000, Heath 2001, Ball 2002, Snyder 2005, Burby et al. 2006, Kersting 
2006, Galvan 2006, Shipley 2006).  A 2001 study into the adaptation of commercial office buildings into 
residential buildings in Toronto and London, found that the rate of adaptation was higher in Toronto because 
of a proactive planning policy (Heath 2001).  Studies into urban regeneration in the London and Bristol 
dockland areas found that proactive policy and legislation enhanced the retention of existing building stock 
within those areas (Bromley et al. 2005).   
 
A proactive policy for building rehabilitation was adopted in the New Jersey building codes and resulted in an 
increase in the amount and scope of adaptation in that jurisdiction and was cited as evidence of the way 
legislation can influence adaptation outcomes for the social benefit of the community (Burby et al. 2006).  The 
study examined whether code compliance adversely affected rehabilitation of existing buildings and found that 
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the rehabilitation sub code introduced by the New Jersey authority was statistically significant in its impact on 
the number of residential rehabilitation projects and that there was a positive effect on the attitudes towards 
legislation (Burby et al. 2006).  The building codes pre 1994 and post 2002 were compared to evaluate whether 
a difference existed and examined 117 jurisdictions using a multi variate analysis (Burby et al. 2006).  
 
Another social aspect of building adaptation is that ‘hostile factors’ can adversely affect the proposed project 
(table 2.2).  Hostile factors include noise pollution, proximity to a noisy motorway or air traffic noise; such 
environments tend to be less desirable for people hence the term ‘hostile’.  A further category of a hostile factor 
is the presence of deleterious materials with in a building such as asbestos.  The presence of these materials 
presents a recognised health hazard to building users and occupiers and remediation and removal costs are 
high.  Further examples are the presence of volatile organic compounds in building materials such as 
formaldehydes in glues which emit gas and can cause allergic reactions in building occupants and users.  The 
presence of lead in pipe-work can erode in soft water and be ingested by building occupants causing cancers.  
Another building related illness is caused when legionella bacteria migrate from wet cooling towers associated 
with building air conditioning and infect occupants with ‘legionnaire’s disease’.  In summary, the presence of 
hostile factors can present social and economic barriers which can drive up costs to a point where adaptation 
becomes uneconomical (Bullen, 2007).  
 
A study into re-use of derelict buildings found some building types have a social stigma which makes 
adaptation problematic, for example mental asylums were difficult building types to successfully adapt because 
of the negative emotions associated with the previous use (Binder 2003).  It might be expected that the re-use 
of prison buildings would have similar issues with social stigma, however in Melbourne the former Pentridge 
Prison in Coburg has been successfully adapted into residential use (Wilkinson et al. 2009).  It appears that 
social stigma is an example of a social aspect which varies from one location to another according to local 
cultural norms. 
 
2.5.6 Environmental attributes 
With the increasing interest in sustainability in the built environment, there has been an increase in the scope 
and extent of environmental aspects of adaptation (Boyd & Jankovic 1993, Kincaid 2002, Bullen 2007).  There 
is sometimes an overlap with social, economic and location aspects, for example proximity to public transport 
provides environmental, location, economic and social benefits.  This overlap means that some of the attributes 
can be interpreted on multiple levels. 
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The most significant environmental impact of buildings is the greenhouse gas emissions associated with energy 
use (Douglas 2006, Reed & Wilkinson 2005, Cyril Sweet 2007).  Buildings which have been assessed under 
recognised environmental assessment methods such as the UK’s BREEAM, or LEED in the USA, or 
GreenStar in Australia have met specified standards in respect of a range of sustainability /environmental 
criteria including energy use.  A UK study stated energy consumption should be noted on a Watts per metre 
squared basis to establish whether the building was a low, medium or high emitter of greenhouse gas emissions, 
similar conclusions were reached by others (Davis Langdon 2008, Arup 2008, Kincaid, 2002).  
 
In the Australian commercial property market the key environmental assessment method acknowledged by the 
market is GreenStar which is developed and monitored by the Green Building Council of Australia.  The 
Australian Building Greenhouse Rating (ABGR) which measures energy consumption and emissions has now 
been incorporated into the National Australian Built Environment Rating System (NABERS) (Australian 
Green Building Council, 2010. Department of Environment, Climate Change and Water, 2010).  NABERS is a 
national initiative managed by the NSW Department of Environment, Climate Change and Water (NABERS, 
2011).  NABERS is a voluntary performance-based rating system for existing buildings, including offices, which 
rates buildings on the basis of measured operational impacts on the environment.  NABERS ratings for offices 
include NABERS Energy (previously ABGR), NABERS Water, NABERS Waste and NABERS Indoor 
Environment on a scale to 5 stars.  Each of these tools has been designed to use the same methodology as the 
ABGR scheme.  Buildings which have been accredited under these schemes have demonstrated a level of 
sustainability.  GreenStar covers a range of building types such as retail, education, office (design), office (as 
built), office (interiors) with office (existing building), mixed use, healthcare and industrial buildings under pilot 
scheme development.  Buildings which have a GreenStar rating contain environmental attributes acknowledged 
by the market in terms of energy and water consumption, materials specification, waste and recycling and 
management (Australian Green Building Council, 2010).  
 
One Australian study advocated the need to adapt existing offices to meet the Bali Road Map Agreement of 
December 2007, which asked for deep cuts of 40% in greenhouse gas (GHG) emissions by 2020 to mitigate 
climate change (Davis Langdon 2008).  The report noted that existing Melbourne office buildings need to be 
adapted to an ABGR rating of 4.5 to meet 40% reductions in GHG emissions.  The report concluded that 
emissions trading would not deliver sufficient reductions and that capital injection or incentives are required to 
induce building owners to undertake adaptation (Davis Langdon 2008).  In Australia it was estimated that four 
billion Australian dollars over 12 years is required in incentives to get the reductions needed in commercial 
buildings (Davis Langdon 2008).  The benefits for owners of existing buildings are lower energy costs, reduced 
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impact of future emissions trading schemes, reduced emissions, reduced obsolescence, good risk management 
strategy, more competitive buildings, improved capital value and increased rental growth.  
 
Furthermore the research concluded that investment in energy efficiency of existing buildings has the potential 
to reduce greenhouse gas emissions by 30-35% within 20 years; faster than alternative approaches (Davis 
Langdon 2008).  Australia is committed by the federal government to reduce emissions between 25-40% by 
2020 (Lorenz et al 2008).  There are approximately 130 million square metres of existing buildings in Australia, 
of which offices comprise 20.5 million square metres of that space and emit 6.6 million tonnes of greenhouse 
gas per annum (Department of Environment, Climate Change and Water, 2010a).  There is potential to have a 
significant effect on emissions reductions through adaptation (Boyd & Jankovic 1993, Kincaid 2002, Davis 
Langdon 2008, Ball 2002, Bullen 2007, Department of Environment and Heritage 2005). 
 
Given that 85% of all Australian offices are over 10 years old, with the average age of Australian offices being 
27 yrs and in Melbourne 31 years, adaptation of existing buildings is imperative; it would take 290 years to 
regain the embodied energy in new building through its more efficient performance (Davis Langdon 2008).  A 
review of research into a range of existing offices in Melbourne covering a range of office quality grades, from 
good quality to low quality, using the Australian Building Greenhouse (ABGR) tool reveals a rating of 2 stars or 
less which represents very poor performance (Davis Langdon 2008).  The conclusions were that there is an 
urgent need to act quickly if greenhouse gas emissions cuts are to be achieved within the City of Melbourne 
timeframe of carbon neutrality by 2020.  Therefore energy performance and the potential for improvement are 
key environmental adaptation criteria (Davis Langdon 2008).  
 
With the recent drought in Australia from 2000 to the end of 2010, water consumption is a very important 
sustainability indicator (Australian Green Building Council 2009).  Water economy is a feature of environmental 
assessment tools such as the GreenStar rating tool (Australian Green Building Council 2010). Most building 
stock was constructed pre drought and paid little attention to minimising water consumption. Adaptation offers 
an opportunity to reduce water and energy consumption through the retrofit of measures that reduce 
consumption at the point of use, recycle water, harvest rainwater and re-use water.  Such measures increase 
sustainability and reduce the overall environmental impact of the built environment.  
 
A further environmental impact relating to buildings is the means of transport that occupiers use to travel to 
the building (Kincaid 2002, Davis Langdon 2008).  The use of public transport has less environmental impact 
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and emissions than occupiers driving their cars to work, and thus proximity to public transport is perceived as a 
positive environmental feature of a building and is included in environmental assessments of buildings (Davis 
Langdon 2008).  Conversely having car parking provision on site is perceived as a negative within 
environmental rating tools for office buildings (GBCA, 2010). However car-parking is regarded as desirable in 
the Property Council of Australia building quality grading matrix and represents a contradiction in terms of 
market perceptions of quality and the perception of environmental features as being highly desirable. 
 
These are valid environmental building adaptation criteria and need to be assessed on an individual building 
basis.  Other relevant environmental aspects identified as important in building adaptation are acid rain 
pollution which causes erosion of stone on buildings (Douglas 2006, Boyd & Jankovic 1993, Ball 2002, Bullen 
2007).  Ozone depletion leads to greater solar degradation of building materials and a faster decline on physical 
condition (Douglas, 2006).  The presence of toxins in building materials can cause allergic reactions in people 
such as eye irritation.  A significant environmental impact of the built environment is resource consumption 
and depletion as 40% of the world’s resources are consumed by the built environment.  Furthermore during the 
construction phase negative environmental impacts are excessive noise, dust and dirt (Douglas 2006, Boyd & 
Jankovic 1993, Ball 2002, Bullen 2007).  This research includes some key environmental criteria involved in 
adaptation events and decisions. However given that sustainability was mandated in Part J of the Building Code 
of Australia as energy efficiency in 2006 and the research covers the period to 2008, the influence of 
environmental attributes may not feature strongly.  The factors affecting building adaptation decisions are 
illustrated conceptually in figure 2.4, however this figure omits the significance of the various influencing 
factors on adaptation decisions and this is one of the knowledge gaps in this field.  
 
2.5.7  Other factors 
It is generally accepted that there are other exogenous factors that affect decision-making in building adaptation 
that are difficult to isolate and explicitly account for, although it is unreasonable to ignore their effect.  These 
factors are therefore represented as ‘other factors’ in the conceptual model presented in figure 3.2. Typical 
examples in this category are; 
 
i) Dramatic changes in the global economy (i.e. the global financial crisis in 2008 /2009) affect the 
financial markets highlighting insecurity and the relative safety and stability of property. 
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ii) Unforeseen acts of terrorism that affects the global economy, highlighting the insecurity of the share 
market and the safe haven property offers, for example, the collapse of the World Trade Towers on the 
9th September 2001. 
iii) Modification to the tax system that affect the costs of building adaptation. 
iv) Modification to the planning legislation and building codes that may incentivise the new building or the 
adaptation market. 
 
Whilst acknowledging that these other factors may have some influence on the rate and type of building 
adaptation events, a separate analysis was not included in this research.  In summary the nature of building 
adaptation and its complex relationship with influencing factors ensured that it is practically impossible to 
account for and consider every influence on every building adaptation event.  Whilst the inclusion of ‘other 
factors’ in this manner did not ignore their potential influence upon adaptation events, they fall outside the 
scope of this research.  This research adopts a different perspective by examining all adaptation events that 
have occurred, and without conducting interviews or surveys there is no stakeholder view to bias or influence 
the findings.  Although the numerous stakeholders and their perspectives do influence individual adaptation 
cases, it is not within the remit of this research to investigate and quantify their impacts or effects.   
 
2.6 Existing decision-making and evaluation tools for adaptation 
The decision regarding whether to adapt a building is complex (Ohemeng 1996, Douglas 2006, Ball 2002). 
Firstly there are many attributes to consider relating to the building (sections 2.6.1 to 2.6.7) as well as the 
prevailing market conditions.  Secondly there are many stakeholders who influence the adaptation decision at 
different stages and who also have different perspectives (section 2.8).  Thirdly there are many options that can 
be considered from demolition and redevelopment to extension or adaptation (section 2.9).  
 
Decision-making tools vary from paper based checklists, theoretical models to mathematical computations.  
Table 2.3 identifies the major studies relating to building adaptation and decision-making; highlighting the 
research approach, the building type investigated the country of research and the date of the research. 
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Table 2.3 Previous models and studies into building adaptation 
Author(s) Year Research approach Building type  City / country  
Chudley, R. 1981 Model developed  N/A UK 
Ohemeng, F. 1996 Theoretical multi 
attribute utility model 
Large scale survey of 
400 building owners 
All UK 
Heath, T. 2001 Comparative case 
studies 
Office to residential 
change of use 
London, UK and 
Toronto, Ontario, 
Canada 
Blakstad, S.H. 2001 Case study Office  Norway 
Ball, R.M. 2002  Large scale survey Vacant industrial 
buildings  
Stoke-on-Trent UK 
Kincaid, D 2002 Survey of 176 
buildings  
Commercial London 
Kucik, L.M. 2004 Single case study Sanatorium Cincinnati, USA 
Arge, K. 2005 Case study on 11 
developers 
Office Norway 
Cantell, S.F. 2005 Case study Industrial historic Virginia, USA 
Snyder, G.H. 2005 Case study Industrial Cincinnati, USA 
Zushi, K 2005 Case study Residential  Cincinnati, USA 
Ignjatovic, N. C., 
& Ignjatovic, D 
2006 Case study Residential  Belgrade, Serbia 
Kersting, J.M., 2006 Single case study   Cincinnati, USA 
Frattari, A.L., & 
Lawrence, D. 
2007 Case study Barn change of use USA and Italy 
Bullen, P. 2007 Interviewed 14 people 
on perceptions of 
sustainability in 
adaptation  
  Western Australia 
Fianchini, M. 2007 Case study of one 
building 
Educational  Italy  
Remøy, H.T. & 
van der Voordt, 
T.J.M.  
2007 Case study and 
interviews 
Office to residential 
change of use 
Netherlands 
Langston, C., 
Wong, F., Hui, E. 
D. M., & Shen, 
L.S. 
2007 Single case study 
  
 
 
Hong Kong, PRC 
Arup 2008 Model for decision-
making  
Offices Australia  
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Not all the previous studies in Table 2.3 modelled the decision-making process and are therefore omitted from 
the detailed critical analysis of adaptation which follows.  The studies covered are Chudley (1981), Kincaid 
(2002), Langston et al (2007) and Arup (2008).  These models were selected on the basis of the research 
approach, the range of buildings covered and the academic or professional focus. 
 
2.6.1 Chudley  
An early researcher to model the process was Chudley (1981) and the model is presented in figure 2.5.  The 
starting point is whether there is an alternative investment option, though the other potential options are not 
listed in the model and therefore it is not possible to make assumptions about the ‘other’ options.  Presumably 
economic feasibility would be estimated at this stage.  The next consideration Chudley has is, “is there a better 
proposition?” followed by whether the project is a short, medium or long term proposal.  Chudley does not 
define the time frames for short, medium and long term and therefore it is not possible to determine over 
which term or period Chudley evaluates ‘better’ propositions.  The next stage in the model covers legal or 
regulatory requirements, then social considerations, aesthetics issues, physical resources, and available time for 
the project.  Thus Chudley’s model includes the major areas identified by researchers in the adaptation field 
(and noted in sections 2.6.1. to 2.6.7).  This is a simple decision-making model.  An omission is that the model 
does not consider environmental issues as it predates the association between climate change, global warming 
and buildings.  Overall it includes the key issues that are very much of part of decision-making in adaptation 
some 30 years later which is a testimony to the longevity of the key factors or fundamental aspects to consider 
in building adaptation decision-making.  A perceived weakness of the model is that there is no weighting 
allocated to any of the factors in the decision-making process.  For example planning and legal considerations 
are assessed before social considerations but there is no indication that planning and legal aspects are more 
important than social considerations here which is a limitation of a two dimensional box and arrow flow model.    
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Figure 2.5 Model of decision-making in building adaptation (Chudley 1981). 
 
 
 
2.6.2 Ohemeng  
Ohemeng (1996) looked at decision-making in terms of whether to adapt or demolish and redevelop an existing 
building applying multi attribute utility theory (MAUT).  Such decisions entail evaluating options that have 
strengths or weaknesses relating to multiple objectives of interest to the decision maker or makers.  MAUT is a 
structured methodology planned to accommodate the tradeoffs among multiple objectives. In the early 1970s 
MAUT was used to compare locations for a new airport in Mexico City and the factors that were considered 
included cost, capacity, access, time to the airport, safety, social disruption and noise pollution.  It is an 
Starting point 
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approach frequently used by the military to evaluate different weapons systems. Utility theory is a systematic 
approach for quantifying preferences that is used to rescale a numerical value on some measure of interest onto 
a zero to one scale with zero signifying the worst preference and one the best.  This allows the direct 
comparison of many diverse measures.  The final outcome is a rank ordered evaluation of alternatives that 
reflects the decision makers' preferences.  
 
The adaptation / demolition / redevelopment decision was complex, problematic and did not adopt an 
adequate decision-making framework (Ohemeng, 1996).  The perspective Ohemeng (1996) adopted was that of 
the building owner and the researcher sought to establish a decision-making framework for this stakeholder 
only.  Four possible outcomes for owners were found when a building reached the end of its useful lifecycle; 
1. adapt the building to meet changing user requirements, 
2. change use,  
3. demolish and rebuild, or 
4. abandon building altogether (Ohemeng 1996). 
 
The multiple interests in buildings from the various stakeholders and multiple functions that buildings often 
serve were complicating factors (Ohemeng 1996).  For example, buildings can provide shelter, economic 
investment, social investment, image promotion, embody cultural symbols and historical records and finally be 
part of the built environment.  One or more of the functions can be embodied in any building and this adds to 
complexity in decision-making with regards to adaptation (Ohemeng, 1996).  Furthermore it was acknowledged 
that buildings have different bases for determining ‘life’; that is say there is economic life which ‘refers to the 
period over which the asset is the least cost alternative for meeting its objective’ and represents that period 
when investment value of the building exceeds site value (Ohemeng 1996).  Functional life is the consideration of 
how long the performance of the building fully supports the operations it is required to.  Functional 
performance is determined by the specification of the accommodation, appearance and function of the 
building.  For example, the accommodation within the building might have a number of years of useful life 
before it is worn out but because it is dated in appearance its remaining functional life is perceived as low.  The 
physical life of the building refers to the period when the building is physically sound and this is determined by 
the structural condition, construction and durability of materials (Ohemeng, 1996).  Subjective factors such as 
aesthetics and that some aspects of the decision were measured in different units for example costs measured in 
monetary values and space measured in area unit was considered (Ohemeng 1996).  
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Uncertainty in decision-making was recognised whereby each decision is affected to a lesser or greater degree 
by other decisions (Ohemeng 1996).  Furthermore uncertainty and its effects is partly a factor of the 
importance of the decision in terms of its consequences and the cost of reversing the decision if at all possible, 
in other words the more important the decision is, the impact of any uncertainty is accordingly greater. 
Uncertainty stems from a lack of complete information and the fact that some factors are outside the control of 
the decision-maker (Ohemeng, 1996).  
 
Ohemeng was the first researcher to apply the multi attribute utility techniques to the building adaptation 
decision problem.  Ohemeng (1996) summarised the ‘building renewal problem’ in figure 2.6 that links the 
alternatives to the requirements of the decision-makers.  A pre-requisite for this model is to identify all the 
components of the variables that determine and affect the achievement of the requirements (Ohemeng 1996). 
These are then grouped into input/controllable, intermediate, outcome and uncontrollable variables. Input / 
controllable variables refer to the variables under the control of the decision maker, and relate to the chosen 
option in terms of the actions or inputs required to bring each option to the point where it has the potential to 
deliver the requirements, for example the amount of expenditure the owner is willing to pay for building works.  
 
The intermediate or operational variables relate to the process through which the options deliver the desired 
outcomes.  Output variables relate to the requirements the building is expected to meet and indicate the 
achievement of the desired decision outcomes, for example the market expectations in terms of fit out and 
provision of amenities.  In the model the output variables may be tied to the motivation of the owner, the 
functional requirements of existing or potential uses as well as health and safety legislation and planning 
conditions (Ohemeng 1996).  Uncontrollable variables can affect the outcome but the decision-maker has no 
control and hence they represent a risk and uncertainty (Ohemeng 1996). 
 
 
 
 
 
 
 
 
62 
 
Figure 2.6 Generic building renewal model (Ohemeng 1996). 
 
 
 
The study concluded the following sequential steps or stages were required in decision-making; 
1. List objectives / requirements of concern to owners, users, and non users (including planning and 
legislative requirement); 
2. Determine the attributes which indicate achievement of each requirement; 
3. Determine the scale for evaluating the attributes; 
4. State realistic maximum and minimum levels of these attributes (the range); 
5. State the preferred goal levels of these attributes if different from the maximum levels above; 
6. Determine the state of the existing building in relation to the maximum and minimum attributes and to 
the preferred goal levels; and  
7. Compare to the benefits of a new building on the same site to arrive at the optimum decision action 
(Ohemeng 1996). 
 
Over 400 property developers and investment companies were surveyed to ascertain decision-making in respect 
of rehabilitate or rebuild decision-making in the UK property market (Ohemeng 1996).  The advantage of 
computerisation in the multi-attribute model enabled the identification of critical factors on which decisions in 
respect of rehabilitate or rebuild may rest.  The weakness in the model above is that it is generic and lacks the 
simplicity, clarity and detail of Chudley’s (1981) decision-making model and furthermore it is wholly from the 
perspective of building owners.  
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2.6.3 Kincaid  
A major research project was conducted from 1994 to 1996 in London and examined 176 commercial buildings 
(Kincaid 2002).  By summarising studies from the 1970s Kincaid concluded that despite 'carefully managed 
maintenance [buildings] would always fail to maintain their full value and utility unless reinvestment was started 
as early as the fifth year after completion’ (Kincaid 2000).  Six elements constituted 66% of all expenditure on 
maintenance. The six elements were air conditioning which accounted for 17.2% of expenditure, followed by 
floor finishes at 14.5%.  In third place was electrical lights and services expenditure at 11.6%, then external 
facade and windows which accounted for 9.1%, followed by roofs at 8.8%, and lastly ceilings at 6.6% (Kincaid 
2002).  UK buildings built in the 1960s and 1970s were being “demolished or reclad or refurbished at a frantic 
pace”; evidence of a good market for adaptation (Kincaid 2000).  
 
The study developed a method to assess possible alternate uses for buildings (Kincaid 2002) and analysed the 
attributes of existing buildings; and from a range of 76 possible uses, identified the best fit.  This is the first 
stage of the evaluation and the emphasis in this decision-making model is to find the best fit use at a single 
point in time.  Stage two dealt with financial matters and is not outlined in Kincaid’s 2002 paper; however note 
the contrast to Chudley (1981) who puts financial concerns first. 
 
During the mid 1990s much adaptation was undertaken in London, Toronto and New York, where the 
dominant trend was to convert office to residential.  The trend was exacerbated by an economic downturn 
which made it economically attractive to convert vacant office to residential.  This practice coincided with a 
strong trend for industrial building conversions to housing uses; for example the Bryant and May matchstick 
factory in Bow, East London.  Though planners initially were hostile to adaptation they revised their opinions 
to promote regeneration and re-use of buildings (Kincaid 2002). 
 
Kincaid’s (2002) study used a grid showing original and destination uses under headings of residential, retail, 
industrial, office and ‘other’ which illustrates the trend towards adaptation involving change of use in the UK 
during the 1990s.  In Melbourne a policy to introduce residential land use into the CBD to make the city more 
diverse and liveable over the past decade has led to some change of use adaptations from commercial, retail and 
light industrial to residential and or mixed use. 
 
Adaptation was classified into four levels by Kincaid (2002) starting from low change, progressing through low 
to medium change, medium to high change and finally to high change, shown in table 2.4.  Unlike Chudley 
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(1981) and Ohemeng (1996), Kincaid (2002) does not consider the demolition or mothballing options in his 
building adaptation options.  
 
Table 2.4 Levels for adaptation (Kincaid 2002). 
 
Adaptation 
Level  
 
Title 
 
Description 
 
i.  Low change  
  
Retain existing external fabric with minor 
modifications externally 
ii.  Low to medium 
change  
Replace external fabric, modify internal space 
with no structural change 
iii.  Medium to high 
change  
Maintain external fabric, reconfigure internal 
space, with some change to structure 
iv.  High change  Replace external fabric, change structure and 
reconfigure internal space 
 
The study ranked the key adaptation decision factors from the perspective of individual stakeholders and 
demonstrated that different stakeholders ranked variables differently to reflect their particular area of expertise 
or interest (Kincaid 2002).  For example, the producers (i.e. architects, engineers) views of the rank order of 
influencing factors perceived planning and regulatory approvals as a major obstacle to project progress whereas 
the user group ranked this variable lower (Kincaid 2002).  Another Kincaid ranking was ‘user’ views of 
locational aspects of adaptation based on the responses of 67 individuals.  Kincaid’s rankings are determined by 
different numbers of responses throughout and it is hard to determine whether there is any statistical 
significance in the research findings.  A limitation of the study is that it did not provide a weighted ranking of 
all the attributes which influence adaptation, neither was an overall conceptual model for building adaptation 
and decision-making produced (Kincaid 2002). 
 
Chudley was a Quantity Surveyor trained in financial aspects of construction, whereas Kincaid has a Chartered 
Engineering, property management and facility management background.  In his study, Kincaid (2002) noted 
changes from 1985 to 2000 where information technology (IT) had caused a big impact on buildings and way 
they were used.  Furthermore the environmental agenda had resulted in a change of views, as well as the 
introduction of home working which had a big impact on UK offices.  In manufacturing, the robots that had 
replaced people did not need light, windows or certain temperatures in which to work well. Changes in health 
buildings due to micro surgery were noted with the conclusion that existing buildings were important and that 
society must do more with what we have rather than design and build new (Kincaid 2003).  It is posited that a 
similar situation in respect of environmental issues has arrived whereby existing stock is becoming outdated in 
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terms of energy and water efficiency at an accelerated pace in the same way that the building stock constructed 
in the 1960s and 1970s did not meet the IT requirements of the market in the 1990s.  
 
2.6.4 Langston et al.  
Langston et al. (2007) sought to develop a model to evaluate Adaptive Re-use Potential (ARP) in existing 
buildings as a numeric figure or percentage.  Akin to previous researchers, reasons for adaptation and building 
obsolescence (physical, economic, functional, technological, social and legal) are stated, however the argument 
is founded on Atkinson’s 1988 sinking stack theory about the building stock being replenished over time with 
new good stock and the overall profile of building stock gradually improving over time (Langston 2007). 
However some stock sinks to the bottom of the stack over time and is representative of either poor 
construction or poor labour practices; with the result that certain layers age more rapidly. Bullen (2007) and 
Kincaid (2002) claimed that 1960s and 1970s office buildings were not worthy of adaptation, or were being 
adapted at faster rates indicating they represented poor quality sinking stock according to Atkinson’s theory 
(Langston et al. 2007).  
 
The economic, environmental and social benefits of adaptation are set out and adaptive reuse is defined. Useful 
life is defined as discounted physical life; a factor of physical, economic, functional, technological, social and 
legal obsolescence (Langston 2007).  One aspect of the six types of obsolescence was used to determine the 
potential for adaptive reuse.  The question arises, why is only one aspect of each type of obsolescence relevant 
to demonstrate adaptive reuse potential?  Secondly and more importantly the relative importance of the criteria 
measured within adaptation is unknown though Langston (2007) attributes equal weighting to the six criteria. 
Langston (2007) proffers the ARP model; a percentage based on the physical, economic, functional, 
technological, social and legal criteria in adaptation (figure 2.7).  
 
In the calculation a building with a maximum discount for each type of obsolescence can have a useful life at 
about one third of its physical life. Langston et al. (2007) proposes a simple straightforward approach to assess 
effective life and ARP in existing buildings and by way of example the ARP model is applied to a case study in 
Hong Kong (Langston 2007).  In figure 2.7 it is shown that the higher the ARP score the greater the maximum 
potential for effective life. All things being equal the effective life decreases over time and the adaptive reuse 
potential also decreases over time. 
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Figure 2.7 ARP model (Langston et al. 2007). 
 
 
 
 
2.6.5 Arup  
A most recent model with regards to decision-making and building adaptation was developed by Arup, a global 
firm of designers, engineers, planners and business consultants with an active research division.  In the 
publication ‘Existing Buildings Survival Strategies; a guide to re-energise tired building assets’ a means of reducing 
operating costs is posited (Arup 2008).  This model has a less theoretical basis than those of Chudley (1981), 
Ohemeng (1996) and Langston et al. (2007) and is partly the result of practical experience and experiential 
learning, as well as the theoretical knowledge base of Arup’s professional practitioner employees. Given that it 
is a decision-making framework that is likely to have wide exposure to practitioners and because of Arup’s high 
profile and professional status within the discipline it is likely to be widely used.  The approach to adaptation is 
encapsulated in five steps which are; “determine your baseline and appropriate level of refurbishment, review 
your building maintenance, housekeeping and energy purchasing, establish your targets and goals for the 
building adaptation, select your optimal upgrade initiatives and make your survival strategy happen”  (Arup 
2008). 
 
Having critiqued the Arup publication, ‘Existing Buildings: Survival Strategies’ (2008), which sets out Arup 
thinking in respect of decision-making and building adaptation, the author has taken the text based explanation 
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of the sequence and content of the key steps in decision-making in building adaptation and has produced a 
model (figure 2.8) to represent the Arup philosophy, the theoretical framework and the conceptual thinking in 
this regard.  
Figure 2.8 Decision-making strategy in model form adapted (Arup 2008). 
 
Step 1  
 
Determine baseline building performance requirements.  
(e.g. Property Council of Australia Office Quality, energy, water, waste, IEQ, 
NABERS (environmental) / FM processes and user satisfaction (social), building 
condition audit (physical)  
   
Step 2  
 
Review maintenance, housekeeping and energy purchase strategy. 
   
Step 3  
 
Establish targets and goals. 
(e.g. use rating systems and checklists for energy and water usage) 
   
Step 4  
 
Evaluate building condition (physical) and performance. 
(determine level 1, 2,3, 4, or 5 classification (figure 2.9) 
   
Step 5 
 
Make and implement decision.  
Refurbish or redevelop. 
 
 
Step one is achieved through an analysis of a buildings performance (figure 2. 9).  The decision-maker should 
establish initially the level of performance required by the building owner and then review maintenance, 
housekeeping and the energy purchase strategy in step two to determine whether potential exists to reduce 
operating costs and maintenance outgoings.  In step four the building condition is assessed, and in determining 
these variables the decision-maker can see whether the adaptation should be at level 1, 2, 3 4, or 5 (figure 2.9). 
According to Arup (2008) level 1 is a minor ‘tune up’ of the building involving low level adaptations to the 
building fabric and services such as installation of window blinds, revision of the layout to improve daylight and 
flexibility, redecoration of interior, provision of low energy IT, and recommissioning of services.  Level 2 is 
labelled an ‘intermediate refurbishment’ and comprises a greater level of adaptation of the building all the level 
one works plus renewal of the lighting and control system, removal of false ceilings to expose thermal mass.  
Level 3 is a ‘major refurbishment’ and includes replacement of all major plant and services in the adaptation as 
well as replacement of floors and internal walls and installation of external solar control.  Level 4 is a ‘complete 
refurbishment’ which involves a strip out of all the fixtures and fittings retaining only the substructure, 
superstructure and floor structure.  Level 4 adaptations include alterations or replacement of the external 
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envelope of the building and possible relocation of building services cores and risers.  Finally the level 5 
adaptation is a ‘demolition’ of the building because it is unable to meet the desired building performance on 
account of its ‘awful’ condition.  Figure 2.9 illustrates the matrix and the five levels of adaptation identified by 
Arup (2008). 
 
The Arup model is simplistic and ignores economic variables, which is a weakness; however the model does 
consider the physical and environmental aspects of the decision which makes it reasonably comprehensive in 
this regard.  The model is a paper based evaluation and relatively quick to undertake, there is no weighting of 
the variables and this is symptomatic of the simplistic nature of the tool and also a knowledge gap.  The Arup 
model is also an expert based tool, requiring professionally qualified practitioner knowledge as a pre-requisite to 
completion.  
Figure 2.9 Matrix of building condition and performance  
and levels of adaptation (Arup 2008) 
 
 
 
Building 
Performance 
Building Condition 
 Excellent Good Poor Awful 
Excellent Maintain Level 1 Level 2 Level 2 
Good Level 1 Level 2 Level 3 Level 3 
Poor Level 2 Level 3 Level 3 Level 4 
Awful Level 3 Level 3 Level 4 Level 5 
 
 
2.6.6  Comparison of existing decision-making tools and models  
There are a number of adaptation tools and decision-making models which have been developed. Each tool or 
model has limitations and strengths relating to the depth and breadth of the variables included in the tool or 
model.  The ease of use or costs of use also vary between approaches.  The comparative strengths and 
weaknesses of the five key models from 1981 to 2009 are summarised in Table 2.5.  
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       Table 2.5 Strengths and weaknesses of existing adaptation decision-making models /tools  
 
Author 
 
Year 
initiated 
 
 
Perceived strengths of tool / model 
 
Perceived weaknesses of tool / 
model 
 
Chudley  
 
1981 
 
 Considers social, economic, 
location, physical, regulatory (legal), 
technological aspects of adaptation 
 Expert based  
 Sequential decision-making on 
adaptation aspects 
 Universal – can be applied anywhere 
 Straightforward and easy to 
understand  
 
 
 Expensive 
 Time consuming 
 Non experts unable to use tool 
 Omits environmental aspects 
 Paper based 
 No weighting ascribed to 
aspects of adaptation  
 UK centric 
 
Ohemeng  
 
1996 
 
 Considers economic, physical, 
technological, planning and 
regulatory (legal) aspects of 
adaptation 
 Expert based  
 Consider aesthetics, functional 
aspects and user needs 
 Application of Multi-attribute utility 
theory to problem 
 Considers risk and uncertainty (as 
uncontrollable variables) 
 A weighted system of decision-
making derived from surveys of 400 
plus UK developers 
 Complex and difficult to follow 
 
 
 
 Expensive 
 Time consuming 
 Non experts unable to use tool 
 Omits social, environmental and 
location aspects.  
 Opinion based weightings  
 UK centric 
 
Kincaid  
 
2002 
 
 Considers social, economic, 
environmental, location, physical, 
regulatory (legal), technological 
aspects of adaptation 
 Sequence of consideration of 
aspects varies to Chudley (1981) and 
others 
 Expert based  
 Developed computerised ‘best fit’ 
programme to identify alternate uses 
 Developed four level adaptation 
schema (see figure 2.xx) 
 Logical and relatively easy to 
understand  
 
 
 Expensive 
 Time consuming 
 Non experts unable to use tool 
 UK centric  
 Paper based approach  
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Author 
 
Year 
initiated 
 
 
Perceived strengths of tool / model 
 
Perceived weaknesses of tool / 
model 
 
Langston 
et al. 
 
2007 
  
 ARP model considers social, 
economic, location, physical, 
regulatory (legal), technological 
aspects of adaptation 
 Expert based 
 Mathematical  
 Discounted approach reduces 
building ‘life’  
 Straightforward approach 
 Quick to complete 
 Weightings of various adaptation 
aspects  
 Universal – can be applied anywhere 
  
 Non experts unable to use tool 
 Omits environmental from ARP 
but included in Sindex follow up 
analysis 
 Limited analysis which 
quantifies a buildings potential 
for adaptation in a numerical 
figure 
 ARP based on six aspects of 
obsolescence with no indication 
of the relative importance of the 
six attributes 
 Limited information results 
from outcome data in respect of 
what is required or otherwise 
 
Arup 2008  Considers social, environmental, 
physical, of adaptation 
 Expert based  
 Practical practitioner focus 
 Based on experiential learning  
 Simple to use and understand 
 Universal – can be applied anywhere 
  
 Expensive 
 Time consuming 
 Non experts unable to use tool 
 Omits economic, regulatory 
(legal) and technological aspects  
 Owners perspective only 
 Limited analysis 
 Aspects of adaptation not 
weighted according to 
importance or significance  
 
 
2.7 Stakeholders in building adaptation 
 
Decision-making in adaptation is made more complex because of the multitude of stakeholders who influence 
the decision to varying degrees and at different points in the process (Ball 2002, Kincaid 2002).  As Ohemeng 
(1996) found the numerous stakeholders represent interests which are so diverse that he was able to focus on 
one group only, building owners, in his decision-making model.  Each stakeholder represents a different 
interest and has different educational and professional backgrounds which further influence their decisions. 
Furthermore some stakeholders fulfil more than one role in the process. Kincaid’s (2002) table of stakeholders 
illustrates the relationships between the stakeholders and their respective roles and responsibilities (table 2.6). 
Table 2.6 has been modified to accommodate Australian professional bodies and terminology and to include 
another stakeholder, that of regulator.  
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Table 2.6 Stakeholders for adaptation of existing commercial buildings adapted Kincaid (2002). 
Stakeholders Description & professional affiliations  
Stage in adaptation where 
decisions made 
Investors  Pension / superannuation funds, insurance 
companies, banks, independent investors, 
professionals who find capital to invest 
Beginning / early  
Producers  Professional team – Facilities Manager, Quantity 
Surveyor, Architects, Engineers, contractors, 
surveyors, suppliers (Royal Institution of Chartered 
Surveyors, Australian Institute of Architects, 
Australian Institute of Quantity Surveyors, Australian 
Institute of Building Surveyors, Fire Engineers, 
Structural and Mechanical & Electrical Engineers) 
Quantity Surveyor / 
Architect at feasibility stage 
Design stage 
Construction stage 
Marketeers  Surveyors, stakeholders, professionals who find users 
for buildings (Australian Property Institute, Royal 
Institution of Chartered Surveyors)  
During design (if selling off 
plan) and /or construction 
stage 
Regulators  Local Authorities, Planners, Heritage, Building 
Surveyors, Fire engineers (Planning Institute of 
Australia, Institute of Fire Engineers)  
During design stage (and 
possibly during construction 
if amendments are made) 
Policy makers Federal, State and Local Government departments.  Indirect effect on decision-
making in adaptation at all 
stages  
Developers  Organisations that combine investment, production 
& marketing in whole or in part. Professionals from 
above bodies and others 
Beginning / early 
Users –  
Corporate 
Residential  
Large institutional owners and users  
Individuals 
Business organisations  
Occupiers 
 
 
One characteristic of previous research has been that researchers have taken one of the stakeholder 
perspectives, for example in some studies interviews and case studies have been undertaken with architects or 
developers and reflect their perspective on adaptation; Arge (2005) examined architects views, Ellison and 
Sayce (2007) looked at fund manager perceptions.  This means that there is inevitably some bias as the 
researcher is ultimately investigating a view of an issue through only one perspective (Moser & Kalton 1971).  
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2.8  Issues in adaptation decision-making 
A key issue identified by a number of previous studies is variability and/or bias in decision-making (Bottom et 
al. 1997, Kempton 2004, Alwaer et al. 2008, Alani et al. 2001).  Surveyor bias was found to be a limitation of 
techniques used to evaluate office environments (Bottom et al. 1997), in this study the conclusion was that 
individual surveyors are intrinsically biased by their amount of professional experience, learning and knowledge 
and their professional judgment in making a value judgment with regards to buildings (Bottom et al. 1997).  A 
subsequent housing study further highlighted surveyor variability in judgment with the conclusion that 
surveyors assessing the same building made different assessments on condition, thus demonstrating variability 
in judgment (Kempton 2004).  Similar conclusions were drawn with regards to the variability of surveyors’ 
appraisals when inspecting residential property (Alani et al. 2001).  It is clear that there is a fundamental 
problem facing decision-making in respect of building appraisal and evaluation: how can we overcome this problem of 
experienced experts coming to a different conclusion when faced with the same set of data or observations?   
 
Another issue previous researcher’s faced was whether to use a weighted decision-making tool, whereby some 
criteria have weightings attaching to them that reflect the importance of the issue compared to other less 
important criteria.  The introduction of weightings is more sophisticated (Kersting 2006) but the issue then 
arises as to which criteria have more significance than others, and secondly; from whose perspective? Alwaer et 
al (2008) provided an excellent analysis of the variability in assessors’ judgments by different stakeholder groups 
involved in the assessment of sustainability in retail buildings.  The problems of subjectivity in assessment 
arising from differing views about retail assessment are defined and it is found that the priority level attached to 
criteria is largely dependent on who carries out the assessment – the findings showed the differences between 
an architect, building manager and owner in terms of prioritising sustainability criteria in importance for retail 
buildings (Alwaer et al. 2008).   
 
2.9  Options for building adaptation 
It is known that for any given item of building stock there are a number of adaptation options that may result 
(Kincaid 2002) such as level i, ‘low change’ adaptation and so on (table 2.4).  Others noted different option 
outcomes for adaptation such as rebuild, demolish and refurbish (Ohemeng 1996, Arup 2008).  The ‘Options 
for Adaptation’ model is shown in figure 2.10 and was the most comprehensive identification of all the 
potential outcomes found in the literature (Kincaid 2002).  
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Any building, for example, could be satisfactory for its current use and occupants, inappropriate for current 
use, under used by occupants, partially vacant or vacant.  Following on from any of these states, the potential 
outcomes for the building are as follows; demolish, strip out and maintain building shell, maintain building in 
vacant state, part demolish and adapt, modify refurbish and adapt, part extend, let all or in part, or sell (figure 
2.10).  Where the decision is to either part demolish and adapt, modify refurbish and adapt or part extend 
choices need to be made between an adaptation within use or an across use adaptation.  Finally, an adaptation 
within use may add ancillary uses and an across use adaptation could include mixed uses (Kincaid 2002).  
 
Figure 2.10 Options for adaptation adapted from Kincaid (2002) 
 
Another way of illustrating building development combinations with a change of use is shown in figure 2.11.  
Kincaid (2002) concluded that six potential outcomes were possible for a building depending on factors of 
flexibility, extendibility and adaptability.   
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These six outcomes are numbered in figure 2.11 as follows;  
1. change of use through flexibility of the building as found,  
2. change of use through flexibility with minor adaptation,  
3. change of use adaptation / refurbishment of vacant facility,  
4. change of use adaptation with selective demolition,  
5. change of use adaptation with extension of the facility, and  
6. change of use through demolition and redevelopment.  
Clearly the range of development options is multiple and as a result decision-making is complex.  
 
Figure 2.11 Development outcomes (Kincaid 2002) 
  
 
 
 
 
 
 
 
 
2.10 Conclusions 
The theories which underpin the need to adapt existing buildings include the theories of building lifecycles, 
highest and best use, building obsolescence and building performance and each is inter-related to some degree. 
Buildings decay over time, at different rates and sometimes for reasons outside the control of the owner.  It has 
been shown that premature obsolescence is a risk owners have to manage to protect their asset value and return 
on investment and this can be offset through adaptation either within or across use.  Another issue faced by 
owners is that over time users demand higher standards in building performance and expectations increase, at 
the same time existing buildings deteriorate.  The body of work relating to building lifecycles, building 
obsolescence theory and building performance was shown to underpin the need for adaptation and have 
Adaptability 
potential  
Demolition   
Extendability  
Flexibility 
1 
2
.
3
.
4
5
6
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informed the work of Langston (2007), Ohemeng (1996), Kincaid (2002) and Arup (2008) in the development 
of decision-making tools and models. 
 
A starting point for the evolution of a model on decision-making with regards to building adaptation is the 
identification of the key influencing factors.  The physical, locational, social, legal, economic and environmental 
criteria for building adaptation which previous studies found important are identified and discussed.  Some 
issues, such as environmental have gained momentum over the last decade, which is supported through 
environment assessment tools giving credits for reusing existing buildings and this is an omission in earlier 
adaptation decision-making models.  It was found that different factors can have direct relationships with 
adaptation (figure 2.4) and also major links to other factors linked to adaptation thereby layering complexity 
into decision making.  Numerous studies (table 2.3) have informed the debate regarding influencing factors 
however the studies often examine different building types such as industrial or heritage stock, use a range of 
different research approaches and take the perspective of different stakeholders.  The development of a model 
therefore requires the researcher to consider all the studies and to modify the factors as necessary to suit the 
current investigation.  
 
Chudley (1981) developed a model for decision-making which was simple to follow and inclusive of all factors 
for its time but was never tested in practice.  Ohemeng (1996) used a robust MAUT approach which however 
only examined the perspective of the building owner.  Kincaid (2002) investigated office adaptation potential in 
176 buildings but did not establish a decision-making framework; rather his contribution was to identify the 
four distinct levels of adaptation.  Arup (2008) took a different perspective with their expert based tool for 
owners to assess the level of adaptation required to bring a building up to market expectations which identified 
different levels of adaptation in the manner Kincaid (2002) had earlier.  Although Langston et al (2007) applied 
a discounted approach to assessing adaptive reuse potential in buildings; the weighting applied to the six factors 
was equal and does not take into account any difference in importance of the factors.  
 
The essential criteria for undertaking robust decision-making involving the adaptation of existing commercial 
buildings are multiple and inter-related.  One of the overarching themes that emerged is that earlier studies have 
not ranked or weighted attributes influencing adaptation which is a gap in knowledge and this is an area that 
this research examines to establish a more informed robust and vigorous checklist for adaptation.  Furthermore 
the complexities of decision-making in adaptation were stated, with reference to multiple decision-makers as 
well as variability and bias which influenced the approach adopted in this study.  The respective benefits or 
otherwise of expert based or non-expert based models was highlighted as a further issue.  The model which 
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evolved to address the research questions is described in the research methodology and discussed in chapter 
four.  This literature review has set the foundations on which the research model and approach is developed to 
analyse adaptation in the Melbourne CBD and to identify the relative importance of attributes which influence 
adaptation.    
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Chapter Three  
Research Framework and Thesis Model 
 
3.1 Introduction  
This chapter presents the conceptual framework for this research. It details the hypothesis and the thesis 
model, named the Preliminary Assessment Adaptation Model (PAAM) and discusses the nature of the model 
and its similarities and differences to previous conceptual thinking on building adaptation decision-making.  
 
3.2 Primary research foundation 
The conceptual PAAM is largely based on Chudley’s (1981) model with modifications to accommodate 
environmental issues (figure 3.1).  The underlying concept is based on the sequence of steps or decisions which 
need to be taken in order to undertake a robust initial assessment of the suitability of an individual building for 
adaptation.  Chudley’s model (figure 2.5) covered all of the key groupings identified by other researchers who 
have published in the field, bar environmental issues which are now incorporated.  The PAAM extends the 
Chudley model by identifying exit points at decision point.  
 
Chudley’s model is revised and updated with an indication of the options for stakeholders incorporated at each 
stage.  A significant change is the sequence of consideration of the factors which is based on the summarised 
findings of research into building adaptation.  The revised ordering reflects a rank order of weighting based on 
the findings of previous studies conducted by Arge (2005), Kincaid (2002), Ball (2002) and Remøy & van der 
Voordt (2005).  
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Figure 3.1 Decision-making preliminary assessment adaptation model (PAAM) for existing buildings 
 
 
 
The starting point for this model is the physical suitability of a building for adaptation; clearly if a building is 
structurally unsound there is no possibility of adapting it for further use whatever the regulatory, 
environmental, economic, technological or social factors.  As physical property attributes consistently featured 
as very important in the studies undertaken by Remøy and van der Voordt (2005), Kincaid (2002) and Arge 
(2005) it has a prominent placing here, although physical suitability was fifth placed in priority in Chudley’s 
model (1981).  
 
The next stage in the Chudley model (figure 2.5) assesses the potential to satisfy regulatory requirements of the 
building for adaptation whereas the PAAM acknowledges the broader social and community agenda 
highlighted by Bromley et al (2005) and others (Ball 2002, Kersting 2006, Snyder 2005) and places social 
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desirability as the second step to evaluate.  Economic considerations follow which were placed as a first 
consideration in Chudley’s (1981) model and even though strong economic arguments are posited by Kincaid 
(2002), Arge (2005) and others (Ball 2002, Chau et al 2003, Douglas 2006, Davis Langdon 2008, Cyril Sweet 
2007) it is placed in order after social considerations.  The evaluation of environmental criteria has gained 
importance and is highlighted in findings of studies conducted by Bullen (2007) and Langston (2007) and is 
placed fourth although it was omitted from the Chudley model (1981).  The fifth stage in the PAAM is to 
assess regulatory aspects such as planning legislation and building code compliance which was placed second in 
Chudley (1981). Swallow (1997) acknowledged the importance of regulatory aspects of adaptation as did 
Douglas (2006) and Highfield (1981) however, with the change to performance based building codes, 
compliance has become a more flexible negotiation than hitherto when prescriptive regulations set out what 
could and could not be done to buildings.  Finally PAAM stage six assesses whether adaptation will deliver a 
building which meets technological expectations which was omitted from the Chudley model (1981) but 
identified by Arge (2005) and others (Remøy and van der Voordt, 2007) as being important.  If all the stages are 
satisfied then adaptation of the building can be undertaken with a reasonable degree of confidence in a 
‘successful’ outcome which meets the needs of all stakeholders.  
 
The PAAM (figure 3.1) is predicated on the analysis of multiple criteria in sequenced stages; one to six in this 
case.  Overall the PAAM (figure 3.1) is considered to be a reliable diagrammatic representation of the 
relationship between key significant decision-making criteria and building adaptation.  The model is ‘static’ that 
is, it is designed to analyse data at one specific point in time.  The added dimension of time restricted the 
PAAM in figure 3.1 to providing a snapshot of the current situation and was unable to consider change over 
time.  The PAAM also lacks weighting of the stages and quantitative validation of the order of the factors.  In 
the PAAM’s current form there is no quantitative but some qualitative evidence to justify sequencing the order 
of stages.  In other words, there is no evidence yet to support, for example social considerations being more 
significant or important than economic or environmental considerations.  The analysis of the data in this study 
will lead to weightings on the basis of the analysis of building adaptation events in the Melbourne CBD from 
1998 to 2008 inclusive. 
 
Figure 3.2 shows the relationship between the influencing attributes identified in the literature and building 
adaptation events and is based on the literature in chapter two and the PAAM (figure 3.1).  Each of the seven 
categories of influencing attributes may have an effect on the building adaptation event to some degree or not. 
Each of the seven categories will affect the building adaptation event though not all may be present or 
influence each adaptation event to the same extent.  In the lower half of the conceptual model (figure 3.2) 
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building adaptation events are grouped into the following outcomes; level 1 ‘minor alterations’, level 2 
‘alterations’, level 3 ‘change of use’ adaptation, level 4 ‘alteration and extensions’, level 5 ‘new build’ and level 6 
‘demolition’.  Although the model may appear rigid the design has included a degree of flexibility and it may be 
altered as follows; the number of adaptation events entered into the model is variable and can be adjusted 
according to the circumstances surrounding different buildings, cities or locations.  In this model adaptation 
events and property attribute variables are examined retrospectively to assess their level of correlation.  
 
Figure 3.2 Conceptual model of influencing attributes in building adaptation  
and levels of building adaptation (source Author). 
 
 
The PAAM building adaptation decision-making model is founded in the earlier work of Chudley (1981) for 
the most part and to a lesser degree on the works of others (Kincaid 2002, Langston 2007, Arup 2008).  It is 
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worth noting that some authors have expressed their concept of decision-making in building adaptation in a 
written form with a practitioner focus to their notion of building adaptation decision-making (Arup 2008, Davis 
Langdon 2008, and MacAllister 2007).  These researchers have a practical focus and wish to develop useful 
tools that practitioners can adopt to improve their professional practice and the standard of their services to 
clients.  Other researchers have expressed ideas about decision-making issues in building adaptation in the 
written textual form rather than a conceptual model and come from an academic background (Remøy and van 
der Voordt 2006, Douglas 2006, Highfield 2000, Kincaid 2002) and their intent has been to develop robust and 
reliable thinking and tools to further the knowledge base and to improve practice.  The contribution of all the 
researchers is valuable to the debate about the optimum decision-making in building adaptation.  This research 
adds another considered and original contribution to the ongoing debate and development of thinking and 
knowledge in respect of building adaptation.  Therefore the views and ideas promoted in the textual and 
practitioner based forums have been critiqued and incorporated into the conceptual model relating to building 
adaptation decision-making factors. 
 
3.3 Objectives of the empirical research 
The research has the following core objectives; 
• To analyse building adaptation events over time in the Melbourne CBD. 
• To analyse the different types and levels of building adaptation events over time in the Melbourne 
CBD. 
• To identify the important attributes in relation to building adaptation events in the Melbourne CBD.  
• To weight the importance of attributes in relation to building adaptation events in the Melbourne 
CBD. 
• To develop a reliable predictive model for the initial decision on the suitability of a commercial 
building for adaptation. 
 
3.4 Hypothesis and thesis model 
H1: ‘Variations in building adaptation in Melbourne central business district are directly related to property 
attributes.’ 
The hypothesis is presented and expanded in this chapter with direct reference to the conceptual model in 
figure 3.2.  
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3.5 Research questions 
Each research question listed below addresses the research objectives and hypothesis.  The research questions 
are presented in sequential order, although each was aimed at an individual component.  
 
1. What is the strength of the relationships between building adaptation events in the CBD and commercial property 
attributes? 
This research question sought to identify the nature and the strength of the relationships and interaction 
between previously identified building adaptation events in the CBD and property attributes over time.  
Importantly this research question has the dimension of time and therefore it is necessary to examine events that 
occurred in the past to address this aspect of the study.   
 
2. What are the important criteria for the undertaking of an effective decision-making process involving the adaptation of 
existing commercial buildings? 
 
Based on the findings of earlier studies (Ohemeng 1996, Kincaid 2002, Ball 2002, Arge 2005, Langston 2007, 
Bullen 2007) this question determines which specific criteria are important for building adaptation.  No 
previous study has examined practices in Melbourne and with the drive to increase adaptation to enhance the 
sustainability of the building stock this question addresses a critical need for stakeholders.  
 
3. What is the level of importance of the decision-making criteria for the adaptation of existing commercial buildings in an 
established mature CBD? 
 
Having established which property attributes are more strongly related to building adaptation events it is 
possible to propose an optimal weighting for the key decision-making criteria.  The literature review revealed 
that there is considerable consensus regarding the decision-making criteria themselves though there is little 
agreement as to which is the most important.  
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Chapter Four  
Research Methodology 
 
 
4.1 Defining the geographical area for the study  
A wide range of land uses which cater for diverse land uses to meet societal needs is typical of global cities.  
Melbourne was established in 1834 by John Batman and laid out in a grid formation by surveyor Robert 
Hoddle on 25th March 1837 upon Governor Bourke’s’ instructions (Lee 2008).  Melbourne developed quickly 
from the late 1830s and especially through the gold rush periods in the 1850s and 1880s.  It was the most 
important Australian urban centre during these years.  
 
Hoddle’s original wide streets were subdivided with smaller lanes and streets during this period; hence 
adaptation became a part of the evolution of the city centre.  Blocks of land were purchased and new owners 
built houses, workplaces, entertainment and hospitality buildings.  In 1901 Melbourne became the capital city of 
the newly formed Federation of Australia, prior to the nation’s capital being transferred in 1927 to Canberra in 
the Australian Capital Territory.  Melbourne was the main commercial city in Australia for many decades, 
although this status passed to Sydney in New South Wales in the 20th century.  The city of Melbourne expanded 
and developed and attained national significance politically and commercially for many decades.  Today it 
remains a significant commercial and cultural centre as well as the political centre of the State Government of 
Victoria.  
 
Over time the original port facilities were affected by locational obsolescence and have been relocated twice 
further upstream on the Yarra River to accommodate vessels with larger drafts and containerised shipping. 
Original buildings were demolished and/or adapted for other uses.  The original single storey residencies in the 
Hoddle grid have given way in most part to medium, high and sky rise buildings in the 175 years since original 
occupation of the site.  During this time some streets have become associated with dominant land uses; Bourke 
Street is the main retail area, Spring Street is dominated by government offices and hotel land uses, and Collins 
Street is dominated by high rise higher quality commercial office buildings.  Given its maturation over 175 years 
of continuous occupation within Australia, Melbourne is deemed to be representative of a modern urbanised 
city in a developed country.  A representative CBD should contain various types of land uses within its 
boundaries, as well of varying quality.  Melbourne can be described in this way in the early part of the 21st 
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century, the time period during which this research is focused.  Furthermore with continuous use and evolution 
from founding in 1834 to the current time, it is in this geographical area where the most intense building 
adaptation is to be found.  The area shown in chapter one in figure 1.1 is the area defined as the CBD for the 
purpose of this study. 
 
Melbourne is the state capital of Victoria Australia with approximately 3.6 million people or 72% of the state’s 
population residing there (Australian Bureau of Statistics, 2006). In June 2007 the population for the 
municipality (the City of Melbourne) was estimated to be 81,144 – a growth of 60% since 2001.  Recent 
planning policies have increased residential accommodation in the city encouraging more people to live in the 
city.  State and city government is located in the city, along with academic institutions, theatres, restaurants, arts 
centres, commercial head offices and business organisations, retail and recreational facilities.  Table 4.1 shows 
the breakdown of all land uses in the Melbourne CBD. 
 
Table 4.1 Land uses in Melbourne CBD 
 
 
1. Office premium 
2. Office A grade 
3. Office B grade 
4. Office C grade 
5. Office D grade 
6. Ungraded office 
7. Retail premium 
8. Retail  
9. Retail standalone shop 
10. Wholesale 
11. Manufacturing 
12. Workshop/studio 
13. Equipment installation/plant room 
14. Transport 
15. Storage 
16. Education/research 
17. Hospital/clinic 
 
18. Entertainment/recreation indoor 
19. Cultural and community use 
20. Conferences/meetings 
21. Flats/apartment/unit 
22. Hotel/motel 
23. Hostel/backpackers accommodation 
24. Private hotel/boarding house 
25. Institutional accommodation  
26. Serviced apartment 
27. Student accommodation 
28. Corporate supplied accommodation 
29. Student apartment 
30. Parking – private covered 
31. Parking – commercial covered 
32. Common area 
33. Showroom 
34. Gallery/museum/public display area. 
 
 
This research focused on the analysis of building adaptation events over a period of time and was designed to 
investigate activity in a well developed and mature Australian commercial property market.  Given that 
Melbourne CBD was the first area of the city laid out in 1834, and has been continuously occupied, it is the 
most mature property market in the State of Victoria.  This research was focused on the CBD.  Over the last 
several years the CBD area has been expanding and the boundaries are reviewed often however this research 
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focuses on the orginial grid laid out by Hoddle.  The streets within the CBD area for this research are Flinders 
Street (southern boundary), Spencer Street (western boundary), Spring Street (eastern boundary) and La Trobe 
Street (northern boundary) as seen in figure 1.1. 
 
4.2 Research database 
The database was constructed using commercially available databases, non-commercial databases and other 
data collection techniques.  This approach successfully overcame data limitations which often restrict this type 
of detailed research involving a large number of buildings.  Stage one examined the relationships between 
building adaptation events over time and the building adaptation criteria identified and discussed in chapter two 
(table 2.2).  Adaptation events and property attributes for individual buildings were assembled and sorted in the 
database which used Microsoft Excel software and individual adaptation events were entered into the rows of 
the database.  
 
The property attribute data were collected with data from a number of reliable sources such as the commercial 
database ‘Cityscope’ which is prepared and updated regularly (R P Data 2008).  Cityscope contains information 
relating to building names, addresses, suburbs, postcodes, building height, lease expiry dates, building owner 
details, building services information, occupants’ data, historic listing details, sales history, frontage in metres, 
site area, title details, building descriptions, development proposals and managing stakeholders’ details. 
Cityscope is very detailed and provided a substantial contribution to the database.   
 
The PRISM database produced by the State Government of Victoria’s Department of Sustainability and 
Environment (Department of Sustainability and Environment 2008) provided data on all property sales in 
Victoria since 1974 on the LANDATA ® PRISM database.  The Victorian Heritage Database was used and is 
searchable online containing information about Victorian Heritage Places and Precincts, including statements 
of significance, physical descriptions, historical information, builder, architectural style, photographs and 
heritage overlay number.  
 
Commercial data produced by the Property Council of Australia details median costs in use for a range of 
office building types and the Property Council of Australia office building quality matrix grading (Property 
Council of Australia 2007; 2008).  The Property Council of Australia data covering ‘cost in use’ provided 
information about typical consumption levels of water, gas and electricity for commercial and retail properties 
in various building quality grades.  
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For environmental sustainability data the Australian Green Building Council website provides a current listing 
of all buildings which have achieved environmental ratings under their GreenStar assessment method (AGBC 
2010).  GreenStar ratings commence at one star level to six stars in 2010.  The website was used to ascertain 
which buildings in the Melbourne CBD area had GreenStar ratings and the level and date of the rating awarded.  
 
The National Building Energy Rating Scheme (NABERS) is an assessment tool which rates actual energy 
consumption of a building ranked from 1 to 5, where a ranking of 1 is a poor level of energy efficiency and a 
ranking of 5 is a high level of energy efficiency.  The NABERS website was used to check for buildings in the 
CBD which have NABERS ratings and the level of the ratings awarded.   
 
From the list of relevant influencing property related attributes derived from the literature, there were fields 
such as aesthetics; for example, where no publicly or commercially available data was available.  Internet 
software provided by ‘Google Earth’ and ‘Google Maps’ was used to view the buildings from above and from 
street view in order to collect this data and furthermore to verify the data contained in the public and 
commercial databases.   
 
The final stage in the data collection process involved empirical data collection to verify that the physical 
attributes such as construction type and materials detailed in the database were accurate.  The data collection 
comprised visual and walk through surveys of the buildings in the Melbourne CBD which were undertaken by 
the researcher from August 2009 to April 2010.  Survey notes were taken on proforma sheets developed by the 
researcher for the surveys and noted construction materials and condition and verified data supplied through 
the various databases in this respect. The researcher is a Chartered Building Surveyor with 24 years’ post 
qualification experience. A section of the property attribute database is illustrated in Table 4.2 to show how the 
data were recorded.  
Table 4.2 Extract from property attribute database 
 Property attributes and 6 levels of adaptation  
13
22
2 
a
d
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n
ts
 
Building 
identification 
number 
Building use 
code  
Year Permit date Building work 
type  
20365 1 2000 30-Mar-00 1 
20412 1 2003 10-Nov-03 5 
20146 1 2000 20-Apr-00 5 
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The property attribute database was exported into SPSS version 17 for the principal components analysis 
(PCA).  The outcomes of the PCA are used to provide a weighted index, for attributes with the greatest 
variance on building adaptation events.  
 
The other part of the database recorded data relating to adaptation events. Information was collected relating to 
every building permit for building works to the buildings within the Melbourne CBD.  Building adaptation 
events are recorded in building permit applications received by the Victorian Building Commission.  Building 
permit applications record details of the nature of the building works executed, the building address, and 
building classification in the Building Code of Australia (BCA), a description of the works and the date of 
works.  The Building Commission classifies works according to the nature of the work such as demolition, new 
building, minor works, and alterations and so on.  The Victorian Building Commission is the responsible body 
within the State of Victoria for processing building permits and provided access to the building records for this 
investigation.  Information was collated from 1998 to 2008, which coincided with a period of strong economic 
growth in Australia and therefore a substantial number of building works resulted from this economic activity.  
 
Columns in the database provides information relating to the type of building adapted, the year and date of 
adaptation (time), the status of the organisation/ person requesting the permit (i.e. the initiator of the works), 
the nature of the work.  The nature of the work was split into two categories.  First, whether the permit applied 
to new build, extension works, alteration works, change of use, demolition, or minor works.  Some of the 
works undertaken resulted in more than a single classification.  The second nature of work category in the 
database related to whether the works as described in the permit were redevelopment or adaptation or ‘other’. 
Demolition and new build were classed as ‘redevelopment’.  
 
The property attribute database included a description of the works undertaken which enabled the researcher to 
classify and code the level of each adaptation event.  In some instances, building adaptation events occurred to 
limited parts of buildings such as individual floors and sometimes events related to entire buildings, and this 
was represented in a column which described information on the floor levels in the building(s) to which the 
works related and thus enabled interrogation of data to a deeper level.  Given the high number of multi-use 
buildings and high rise buildings in the CBD, this data was important.  Finally this database contained columns 
recording the location of each building in terms of street name, street number, postcode and suburb which 
enabled interrogation of the data to ascertain whether different types of adaptation events tended to group in 
different locations and at varying points in time.  
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The use of unique building number identifiers allowed property attribute and adaptation event data to be 
assigned to particular buildings.  Inevitably there were some buildings where incomplete data prevailed and 
these buildings appear as ‘missing’ cases in the analysis.  In total complete data was collated for 7393 building 
adaptation events which occurred to a total of 1053 office buildings.  Figure 4.1 illustrates diagrammatically the 
sources of data used in the research to assemble and populate the databases.  
 
Figure 4.1 Compilation of property attribute and building adaptation databases. 
 
 
 
 
4.3 Database information required. 
Table 4.3 sets out the property and adaptation event attributes used in the database along with the 
measurement scale and coding used.  The table shows the physical, land use and legal, economic, environmental 
and social data perceived as important in adaptation by previous researchers.  In some instances more than one 
classification code was incorporated where attributes can be interpreted on more than one level for example 
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hostile factors like noise could also be social factors. The buildings included in the database were classified 
under the Building Code of Australia classification primarily as office buildings, though some had other land 
uses such as retail. Other land use types such as retail only, industrial and public buildings were excluded from 
the data collection. General data relating to the adaptation such as the date of the works, the type of adaptation 
undertaken and descriptions of works were categorised as adaptation data because they related specifically to 
the adaptation itself rather than the building.  
Table 4.3 Property attribute database 
Type of data 
 
Description of 
attributes  
Measurement scale  
and coding system used 
 
Adaptation  Building use. 
(Commercial, retail, 
public, residential, 
industrial.) 
1. Commercial  
2. Retail 
3. Public 
4. Residential 
5. Industrial  
Adaptation Permit date.  Year, month, day 
 
Adaptation Nature of work 1. (New 
build, minor, alterations, 
change of use, alteration 
and extension, 
demolition.) 
1. Minor, 
2.  Alterations,  
3. Change of use, 
4.  Alteration and extension,  
5. New build,   
6. Demolition. 
Adaptation Nature of work 2. 
(Redevelopment, 
adaptation, other) 
1. Redevelopment,  
2. Adaptation,  
3. Other 
Adaptation Building classification. 
(Building Code of 
Australia classification 
1-10.) 
1   A single dwelling.  
2   A building containing two or more sole 
occupancy units. 
3   A resident building, other than a Class 1 or 2. 
4   A dwelling in a building that is Class 5, 6, 7, 8 or 
9 if it is the only dwelling in the building. 
5   An office building, excluding buildings of Class 
6, 7, 8 or 9. 
6   A shop or other building for the sale of goods 
or the supply of services to the public. 
7   Car park or storage, or display of goods or 
produce for sale by wholesale. 
8   A laboratory or a building for production, 
assembling of goods or produce. 
9   A building of a public nature (health care, 
assembly building in a school, aged care). 
10   A non habitable building or structure. (private 
garage, carport, shed or a fence, mast, antenna, 
retaining or free standing wall, swimming pool or 
the like). 
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Type of data 
 
 
Description of 
attributes  
 
Measurement scale  
and coding system used 
 
Adaptation Description of the 
works. (Type of works, 
for example removal of 
partitions, addition of 2 
storeys to existing 
building, change of use 
from office to 
residential.) 
1. Not coded used for reference purposes. 
Adaptation Type of adaptation 
(within or across use) 
2. Within use 
3. Across use  
Adaptation Type of adaptation 
(within or across use) 
1. Within use 
2. Across use  
Physical Property address 1  Street name 
2. Postcode  
Physical Floor level Numeric  
Physical Building name Textual  
Physical Date of construction Year (numeric) 
Physical Height of building 1. Number of floors  
Physical Type of construction 
(frame) and condition 
1. Steel  
2. Concrete 
3. Timber  
Physical  Gross floor area Numeric (square metres) 
Physical  Net lettable area Numeric (square metres) 
Physical Floor size 1. Small  
2. Medium  
3. Large  
Physical Plan shape 1. Deep plan 
2. Narrow plan (wide) 
3. Thin frontage 
4. Irregular 
5. Curved 
Physical Vertical service core 
location 
1. Central 
2. Offset front 
3. Offset rear 
4. Dual locations 
Physical Elasticity – potential for 
lateral extension 
1. Yes 
2. No 
3. Not sure 
Physical Elasticity – potential for 
vertical extension 
1. Yes 
2. No 
3. Not sure 
Physical Site 1. Bounded on all sides 
2. Bounded on 1 side 
3. Bounded on 2 sides 
4. Bounded on 3 sides 
5. Detached 
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Type of data 
 
Description of 
attributes 
Measurement scale 
and coding system used 
Physical Access to building 1. Street only 
2. Street & rear access 
3. Street & side access 
4. Access all sides 
Physical Building width  1. Metres  
Physical Site area  Numeric (square metres) 
Physical Roof overshadowing  1. Yes 
2. No 
3. Unknown 
 
Physical 
 
Photovoltaic option  
 
1. Yes 
2. No 
3. Unknown 
Physical Green roof option  1. Yes 
2. No 
3. Unknown 
Physical Total building area Numeric (square metres) 
Physical Building envelope type 
(predominant materials 
classified) 
1. Brick, 
2. Curtain wall (glass),  
3. Metal cladding,  
4. Concrete cladding,  
5. Unknown,  
6. Stone,  
7. Render  
Physical Building envelope 
condition   
1. No defects, modern, very good  
2. Some minor surface defects,  
3. Serviceable but dated,  
4. Major defects and repairs required. 
Physical  Site orientation  1. North 
2. East 
3. South  
4. West  
Physical  Internal layout of space 
plan 
1. Cellular space,  
2. Open plan,  
3. A mix 
Physical  Internal columns 1. Yes 
2. No  
Land use Existing land use 1. Sole office 
2. Mixed – office retail 
3. Mixed – office residential 
4. Mixed – office residential retail 
Land use 
(operational) 
Density of occupation People / m² 
Legal / 
economic 
Tenure 1 1. Owner occupier 
2. Leased 
Legal / 
economic 
Tenure 2 1. Institutional owner 
2. Private owner 
Legal  Tenancy type 1. Single tenant 
2. Multiple tenants 
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Type of data 
 
Description of 
attributes 
Measurement scale 
and coding system used 
 
Legal  Planning zones 1. Mixed Use Zone MUZ  
2. City Centre Development Area CCDA  
3. Capital City Zone 1 CCZ1  
4. Capital City Zone 2 CCZ2  
5. Capital City 1 CC1  
6. Flinders West 
7. Precinct - No 30 
Economic  Cost in use profile 
 
 Numeric (dollars per metre squared) 
Economic Current Property 
Council of Australia 
building quality grade 
1. Premium grade 
2. A grade 
3. B grade 
4. C grade 
5. D grade 
6. Ungraded 
Economic  User demand 
 
Year and level of demand 
Economic  Clients intentions – 
adaptation for sale or 
letting* 
1. For sale  
2. For lease  
Economic Location of property  1. Prime 
2. Low prime 
3. High secondary  
4. Low secondary  
5. Fringe  
 
Environmental, 
location, 
economic, 
social 
Proximity to transport 
(tram / train/ bus) 
1    <500 metres 
2.    501-1000 metres 
3.    1001metres plus 
Environmental 
location, 
economic,  
social 
Parking provision on 
site 
1. Yes 
2. No 
3. unknown 
Environmental 
location, 
economic,  
social 
Number of parking bays  Numeric  
Environmental GreenStar rating 1. Yes 
2. No 
3. Unknown 
Environmental ABGR rating  1. Yes 
2. No 
3. Unknown 
Environmental NABERS rating  1. Yes 
2. No 
3. Unknown 
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Type of data 
 
Description of 
attributes 
Measurement scale 
and coding system used 
 
Environmental Energy consumption  
 
Numeric (watts per metre squared) 
Environmental Water consumption  
 
Numeric (litres per metres squared)  
Social  Heritage value – listed  1. Yes  
2. No  
3. Unknown 
 
Social / 
economic 
Existence of proactive 
legislation / policy 
(building codes, fire, 
planning)*  
1. Yes  
2. No  
3. Unknown 
Social  Hostile factors (e.g. 
proximity to noise, 
pollution, hazardous 
materials in building) 
1. Yes  
2. No  
3. Unknown 
Social  Aesthetic qualities 1. Excellent 
2. Good  
3. Neither good nor poor 
4. Poor  
5. Very poor (a blight) 
 
4.4 Application of principal component analysis. 
PCA was invented in 1901 by Karl Pearson and is mostly used in exploratory data analysis and for making 
predictive models, in this case the property attributes associated with different types of building adaptation 
events.  This is a common statistical analysis method adopted in exploratory studies such as this research 
(Quinn and Keough 2002).  PCA was selected as the preferred approach for this research because it is 
acknowledged as a reliable, proven method of highlighting dimensions in cross sectional data with the capacity 
to uncover, disentangle and summarise patterns of correlation within a data set (Horvath 1994, Heikkila 1992). 
The PCA examines all the building adaptation activity within the Melbourne CBD to provide a general 
overview of the relationships between property attributes and building adaptation events.   
 
The general purpose of such factor analytical techniques is to find a way of condensing the information 
contained in a number of original attributes into a smaller set of new composite factors with a minimum loss of 
information (Hair et al. 1995).  Frequently a smaller set of factors in a data set is hidden within the ‘white noise’ 
spread throughout the data set. PCA can analyse a large dataset and identify a reduced number of principal 
components referred to as factors.  The goal of PCA is similar to Factor Analysis however the characteristic 
that distinguishes the two approaches is the treatment of variability.  With PCA there is no underlying statistical 
94 
 
model of the observed attributes and the focus is placed on the explanation of the total variance in the 
observed attributes (Tabachnick & Fidell 2001).  PCA is well suited to hypothesis testing as it can simplify 
complex data by finding the minimum number of factors that can be used to describe the correlations between 
the attributes, without leaving a large amount of variance unexplained (Sappsford & Jupp 1996).  It is 
particularly useful when a data reduction procedure that makes no assumptions about underlying causal 
structure is required and is suited to this research.  
 
The contribution of PCA to this research is centred on its ability to provide a unique solution with each factors 
in turn accounting for decreasing variance.  PCA involves the calculation of the Eigenvalue decomposition of a 
data covariance matrix of a data matrix, usually after mean centring the data for each attribute and is the 
simplest of the true eigenvector-based multivariate analyses (Jolliffe 2002).  Often, its operation can be thought 
of as revealing the internal structure of the data in a way which best explains the variance in the data.  From the 
results of the PCA it is possible to propose an index of property attributes that are important to building 
adaptation. 
 
4.5 Principal components analysis process  
A principal component can be defined as a linear combination of optimally weighted observed attributes.  It is 
possible to calculate a score for each subject on a given principal component, for example a score is optimally 
weighted and then summed to compute a score on a given factor such as building adaptation or level of 
building adaptation.  The formula to compute scores on the first factor extracted in a PCA is shown below: 
 C1 = b11(X1) + b12 (X2) + …. b1p (Xp) 
Where  
 C1 = the score on a principal component one (the first factor extracted) 
b1p = the regression coefficient (or weight for observed attribute p, as used in creating principal 
component one). 
(Xp) = the score on observed attribute p. 
The potential number of factors is equal to the number of observed attributes being analysed.  In most analyses 
only the first few factors account for meaningful amounts of variance and so only these first few factors are 
retained, interpreted and used in subsequent analyses (Jolliffe 2002).   
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The first factor extracted in a PCA accounts for the maximum amount of total variance in the observed 
attributes.  Under typical conditions this means the first factor will be correlated with at least some of the 
attributes and it may be correlated with many.  The second factor extracted will have two important 
characteristics.  It will account for a maximal amount of variance in the dataset that was accounted for the first 
factors and this means typically that the second factor will be correlated with some of the observed attributes 
that did not display strong correlations with factor one.  The second characteristic of the second factor is that it 
will be uncorrelated with the first factor.  
 
The remaining factors that are extracted in the analysis display the same two characteristics; each factor 
accounts for a maximal amount of variance in the observed attributes that are not accounted for by the 
preceding factors.  The PCA continues in this sequence with each new factor accounting for progressively 
smaller and smaller amounts of variance, which is why generally only the first few factors are retained and 
interpreted.  When the analysis is complete the resulting factors display varying degrees of correlation with the 
observed attributes but are uncorrelated with one another.  
 
According to Joliffe (2002) and (Jackson 2003), PCA involves a series of seven steps which ensure the data 
analysis has internal and external reliability and validity.  Initially a decision is made on sample size which needs 
to be statistically representative of the population and is related to the number of predictor variables (i.e. 
independent variables).  PCA is a large sample procedure and to obtain reliable results the minimal number of 
building adaptation events providing useable data for the analysis should be larger than 100 subjects or five 
times the number of variables being analysed (Jackson, 2003).  The key stages for this research were as follows: 
 
Step 1 - Extract the factors.   
In this study attributes were used from the original property attribute and building adaptation event database 
(see table 4.3).  The analysis was undertaken using SPSS version 17 where an Eigenvalue is produced for each 
factor in the analysis.  
 
Step 2 - Determine the number of meaningful factors to retain. 
The researcher is required to determine how many factors are worthy of retention for rotation and 
interpretation (Tabachnick & Fidell 2001).  Typically only the first few factors account for meaningful amounts 
of variance and are therefore worthy of retaining.  Four measures may be used to make this decision; the 
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Eigenvalue–one criterion which is commonly referred to the Kaiser criterion, the scree test, the proportion of 
variance accounted for and interpretability criterion. 
 
a. The Kaiser criterion. The Kaiser criterion is the most commonly used criteria for solving the number 
of factors problem (Kaiser 1960). With this approach, any factor with an Eigenvalue greater than one 
(1.00) is retained.  The rationale is straightforward as each observed attribute contributes one unit of 
variance to the total variance in the dataset.  Any factor with an Eigenvalue above one is accounting for 
a greater amount of variance than had been contributed by one attribute. As such, the variable is 
worthy of retention in the analysis.  Equally those factors with Eigenvalue of less than one is 
accounting for less variance than had been contributed by one attribute.  Given that PCA aims to 
reduce a number of observed attributes this cannot be achieved if factors with low level amounts of 
variance are retained.  The application of the Kaiser criterion is straightforward and previous studies 
have confirmed that usually the correct number of factors is retained particularly when a small to 
moderate number of attributes are being analysed and the attribute communalities are high. 
Researchers should be wary of the mindless application of the Kaiser criterion especially where one 
component shows an Eigenvalue of say 1.001 and the next is 0.999, clearly there is little to distinguish 
the amount of variance in these two components and researchers should be judicious in their 
approach.  
 
b. The scree test. Cattell (1966) took the Eigenvalues produced in the PCA and plotted them with each 
factor to see where a ‘break’ occurred between the factors with relatively large Eigenvalues and those 
with small Eigenvalues.  The factors appearing before the break are assumed to be meaningful and 
retained for rotation, whereas those appearing after the break are not.  According to Stevens (1986) and 
Joliffe (2002), scree plots provide reasonably accurate results provided the sample is large (i.e. over 200) 
and most of the attribute communalities are large.  However it can be difficult to determine where a 
break is occurring on a scree plot which is an acknowledged weakness of this test.  
 
c. The proportion of variance accounted for. A third criterion in solving the number of factors to 
retain involves retaining a factor if it accounts for a specified proportion or percentage of variance in 
the dataset.  Researchers may decide to retain factors that account for 5% or 10% of the total variance. 
This proportion is calculated as follows: 
 
  Proportion =  Eigenvalue for the factor of interest  
               Total Eigenvalues of the correlation matrix 
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In PCA the total Eigenvalues of the correlation matrix is equal to the total number of attributes being 
analysed because each attribute contributes one unit of variance to the analysis.  The researcher 
determines to retain factors accounting for a percentage of the total variance for example; those 
accounting for 10% and any factor scoring 10% or more will be retained.  This sometimes leads to 
more factors being retained than using the Kaiser criterion or the scree test described above. 
Alternatively the researcher can retain enough factors so that the cumulative percentage of variance 
accounted for is equal to some minimal value ascribed by the researcher.  For example include all 
factors accounting for 70% of total variance.  Typically researchers using this approach will aim to 
retain all factors accounting for a cumulative percentage of 70% of total variance, although 80% is 
achieved at times using this approach (Jackson 2003).  The advantage of this approach is that in most 
instances researchers do not wish to retain a group of factors that, combined, account for only a 
minority of variance in the dataset say 35%.  The disadvantage of the approach is that it has been 
criticised as being subjective because the cut-off percentage is an arbitrary figure determined by the 
researcher.  On this basis, this approach was used but not as the principal means to determine the 
number of factors to retain (Joliffe 2002).    
 
d. Interpretability criterion.  This has been termed the most important criterion for determining the 
number of factors to retain.  In this approach the researcher interprets the substantive meaning of the retained 
factors and verifies that this interpretation makes sense in terms of what is known about the constructs under 
investigation.  In this study the reference is the property attributes related to building adaptation events.  There 
are steps to follow in this approach: 
 
i. Do the attributes that load on a given factor share the same conceptual meaning?  For 
example if three attributes all load on factor 1, do all of the three attributes seem to be 
measuring the same construct? 
ii. Do the attributes that load on different factors seem to be measuring different constructs? 
For example, if three property attribute variables load on factor 1 and three others load on 
factor 2 – do the first three property attributes seem to measuring a construct that is 
conceptually different from the construct measured by the second three property 
attributes?  
iii. Does the rotated factor pattern demonstrate ‘simple structure’?  Simple structure means 
that the pattern possesses two attributes: (1) most of the attributes have relatively high 
factor loadings on only one factor and near zero loadings on the other factors, and (2) most 
factors have relatively high factor loadings for some attributes and near zero loadings on 
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the remaining attributes.  This notion of simple structure is explained further in interpreting 
the rotated solution.  
 
All four approaches were applied sequentially to ensure the reliability and robustness of the PCA.  Firstly the 
Kaiser criterion was adopted where factors with an Eigenvalues of 1.00 or above were retained. The data was 
examined for interpretability and caution was exercised where factors whose cut off was not clear were 
retained.  Secondly the scree plot was examined to ensure the break point indicated by the Kaiser criterion was 
appropriate.  Thirdly the proportion of variance accounted for was checked.  Finally the interpretability 
criterion was employed to examine factors and if more than one solution could be justified then the solution 
which was most easily interpreted was favoured.  In this way the researcher was able to maximise the chances 
of retaining the most appropriate number of factors. 
 
Step 3 – rotation to a final solution. 
After extracting the initial factors SPSS created an unrotated pattern matrix where the rows represented the 
attributes being analysed and the columns represented the retained factors (note: these factors are referred to as 
1, 2 and so on in the output).  The researcher reviewed the correlations between the property attributes and the 
factors and used this information to interpret the factors; that is to say to determine what construct seemed to 
be measured by factor 1 and so on.  When more than one factor is retained in an analysis, the interpretation of 
an unrotated pattern matrix is usually challenging and a rotation is performed.  
 
A rotation is a linear transformation to make interpretation easier to undertake.  The factors were rotated using 
an orthogonal rotation method known as ‘Varimax Rotation’ to highlight the individual contributions and 
differences between constructs.  Usually a complete PCA includes this rotation of the factors through data 
space to highlight a clear pattern of differences between high loading and low loading factors (Sappsford & 
Jupp 1996).  An orthogonal rotation is a shift or rotation to a new set of co-ordinate axes in the same subspace 
spanned by the principal components (Dunteman 1989).  This usually results in a set of loadings that are more 
conceptually appealing and therefore facilitates a simpler interpretation of the rotated components. Here an 
orthogonal rotation was undertaken since the initial data analysis confirmed that the factors were not correlated 
(Tabachnick et al. 2001).  The final result produced a condensed table of identifiable factors and included 
details regarding the loadings of individual property attributes associated with each factor.  Thus the 
contribution of a property attribute variable to each factor could be: 
(a) completely positive (+1.0) 
(b) completely negative (-1.0) 
(c) somewhere between these two extremes.  
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Step 4 – interpreting the rotated solution. 
This step involves determining what is measured by each of the retained factors.  The process involves 
identifying attributes that demonstrate high loadings for a given factor and determining what these attributes 
have in common.  Typically a name is assigned to each factor that describes its content.  In this case the 
researcher is able to triangulate the property attributes back to the names and labels previous studies have 
assigned as a starting point.  The process of assigning meaning to a PCA solution involves substantive 
interpretation of the pattern of the factor loadings and a minimum acceptable level of threshold for individual 
property attributes must be ascertained prior to the interpretation (Hair et al. 1995). 
 
The first decision is to decide how large a factor loading is to be considered ‘large’. Previous studies have 
determined that loadings of 0.40 can be considered large (Stevens, 1986).  However Tabachnick & Fidell (2001) 
concluded after analysing the level of loadings across the factors, the threshold cut off can be set high at 0.6. 
An earlier study showed that attributes with loadings in excess of 0.55 were important (Comrey & Lee, 1992 as 
cited by Tabachnick & Fidell, 2001).  After a list of individual factors had been assembled where each factor 
contained a high loading property attribute equal to or exceeding 0.55 suggested correct factor names could be 
assigned.  
 
The researcher has to read across the row for the first attribute for all loadings higher than 0.55 with all those 
below the cut-off were discarded.  This process was repeated for the remaining attributes and any attributes 
that load on more than one factor were discarded.  All the remaining attributes with high loadings on factor one 
were reviewed to determine the nature of this factor.  This process was repeated to name all the remaining 
retained factors.  Finally a decision was made as to whether this final solution satisfied the interpretability 
criteria, that is to say: do the attributes that load on a given factor share some conceptual meaning; do the 
attributes that load on different factors seem to measure different constructs; and does the rotated pattern 
demonstrate ‘simple structure?’  
 
 
Step 5 – creating factor scores or factor based scores. 
When the analysis is completed, scores were assigned to each attribute to indicate where the attribute stands on 
the retained factors.  A factor score is a linear composite of the optimally weighted observed attributes.  SPSS 
can compute each attribute’s factor scores for factors by determining the optimal regression weights and 
multiplying subject responses to the property attributes by these weights and then summing the products.  The 
resulting sum will be a given attributes score on the factor of interest.  It is noted that a separate equation with 
different weights is developed for each retained factor.  A factor based score is a linear composite of the 
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property attributes that demonstrated meaningful loadings for a set of factors.  With a factor based score the 
observed attributes are not multiplied by optimal weights before they are summed.  The individual names 
allocated to each high loading factor and based on the characteristics of the high loading variables. 
 
Step 6 – summarising results in table format. 
To make the results of the analysis presentable it is common practice to present them in a table format.  
 
Step 7 – formal description of results. 
The final stage is to formally describe the interpretation of the results and this is presented in chapters five and 
six. 
 
4.6 Model specification  
The unique aspect of this research is that it did not sample a proportion of the building adaptation events that 
have occurred across a random geographical area, it used a census approach.  Every detailed adaptation event 
that occurred between 1998 and 2008 in the Melbourne CBD to office buildings was included in the database. 
Furthermore the researcher had compiled a property attribute database which contained over one hundred 
columns of data for each adaptation event.  Unusable variables were building identification numbers and so on.  
 
This analysis proposed three separate PCA models and used census data to test the hypothesis and address the 
research questions as follows: 
i) A PCA model using all office building adaptation level variables (section 4.6.1) 
ii) A PCA model using all office building adaptation levels and reduced property attributes (section 4.6.2.) 
iii) A PCA model using individual adaptation levels and property attributes (section 4.6.3.) 
The models, equations and accompanying diagrams are discussed in the following sections, and present 
alternate approaches for measuring the relationship between property attributes and building adaptation events.  
 
4.6.1  PCA model using all office building adaptation level variables 
The emphasis in this model was placed on the relationship between property attributes and all building 
adaptation events across office land uses from 1998 to 2008 in the Melbourne CBD as assessed by PCA (figure 
4.2).  The multiple observed property attributes in figure 4.2 are those known to be influenced by, or influence, 
actual building adaptation events to a greater or a lesser extent for example the physical, economic, 
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environmental, and social attributes as shown in table 4.3.  At this stage it is unknown which of the property 
attributes account for the most variance or any variance in adaptation and they are not individually identified in 
the model.  The geographical location of the CBD is shown at the top of the model as all the adaptation events 
occurred in this geographical area.  Figure 4.2 illustrates the PCA for all adaptation events regardless of level 
and is shown at the base of the model as a single large cell. 
 
 
Figure 4.2 The relationship between multiple influencing factors and building adaptation events. 
 
 
 
 
CENTRAL BUSINESS DISTRICT 
 
All property attributes  
 
BUILDING ADAPTATION EVENTS 
 
 
 
4.6.2 PCA model using all office building adaptation levels and reduced property attributes 
After the initial PCA including multiple attributes a reduced number of property attributes are retained for 
analysis which forms the model to illustrate the second PCA (figure 4.3).  The emphasis in this model was 
placed on the remaining attributes retained after the initial analysis.  Figure 4.3 illustrates the relationship 
between the retained multiple property attributes and all office building adaptation events.  There are sixteen 
retained property attributes in figure 4.3 which are influenced by, or influence, actual building adaptation events 
to a greater or a lesser extent.  
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Figure 4.3 The relationship between retained multiple influencing factors; property attributes and 
building adaptation events. 
 
 
 
CENTRAL BUSINESS DISTRICT 
 
Reduced property attributes 
 
BUILDING ADAPTATION EVENTS 
 
 
4.6.3 PCA model using individual adaptation levels and property attribute variables 
The emphasis in this third PCA model was placed on the relationship between the defined levels of building 
adaptation for which PCAs were undertaken: namely level 2 (adaptations) and level 4 (alterations and 
extensions).  Figure 4.4 illustrates the relationships between the geographical location of the CBD at the top of 
the model and the retained property attributes and building adaptation events as assessed by third PCA.  
Figure 4.4 The relationship between multiple influencing factors; property attributes and adaptation 
levels. 
 
 
 
CENTRAL BUSINESS DISTRICT 
 
Reduced property attributes  
 
BUILDING ADAPTATION LEVELS 
Level 2 (alterations) 
Level 4 (alterations & extensions) 
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Sixteen property attributes in figure 4.4 are influenced by, or influence, different levels of actual individual 
office building adaptation events to a greater or a lesser extent.  The individual building adaptation levels 
derived from the literature (Kincaid 2002; Douglas 2006; Arup 2008) are: minor works (level 1), alterations 
(level 2), change of use (level 3), alterations and extensions (level 4), new build (level 5), and demolition (level 
6). Only level 2 and 4 adaptation was examined using PCA analysis and are shown in figure 4.4. 
 
The role of the initial analysis (4.6.1) was to analyse all adaptation events and all property attributes.  The PCA 
reduced the dimensionality of the dataset into a smaller number of factors as represented by factor scores 
(4.6.2).  In the third stage the retained factors scores were entered into individual PCAs for level two and level 
four adaptation events (4.6.3).  
 
It should be noted there are three main limitations associated with PCA (Tabachnick & Fidell 2001). Compared 
to a multiple regression approach with its dependent variable,  PCA has no external criterion, such as group 
membership for example against which the solution can be tested and this is an acknowledged weakness of the 
approach.  Secondly, after extraction an infinite number of rotations are available and the final choice depends 
on the researcher’s subjective assessment, subsequently the results can be argued and challenged (Tabachnick & 
Fidell 2001).  Given the researcher’s firsthand experience of building adaptation as a practitioner and her 
experience as a researcher, this weakness is minimised as far as possible.  Furthermore triangulation of the 
researcher’s results with previous studies further diminishes this limitation of PCA. 
 
4.7 Summary of the process 
The compilation of the database, containing a range of property attributes previous studies had identified as 
being important in adaptation, facilitated a statistical analysis to be undertaken using Principal Components 
Analysis to determine the importance of different attributes in building adaptation. Adaptation attributes were 
coded according to the type of data such as physical, legal, land use, social, environmental and economic and in 
terms of previous adaptation research classifications.  The adoption of PCA as the methodology for this 
research highlighted the property attribute groupings and the interpretation of the factors which enable the 
researcher to assess the strength and nature of the property attributes with regards to modelling adaptation 
based on a substantial number of adaptation events.  Furthermore, this research was able to evaluate the 
strength of those relationships at three different levels of building adaptation.  Previous research has identified 
the key attributes associated with adaptation but had not used sufficiently large datasets to enable a robust 
detailed statistical analysis of the importance of the different property attributes to be undertaken.  The 
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relationships between the buildings in the CBD and the various property attributes was illustrated with the 
different levels of adaptation events highlighted as the PCA progressed with numerous attributes being omitted 
as being unimportant.   
 
105 
 
Chapter Five  
Principal Component Analysis Building Adaptations 
 
 
5.1 Introduction 
Chapter five examines all building adaptation activity in the Melbourne CBD between 1998 and 2008. Building 
adaptation activity at all levels is examined firstly using PCA.  Thereafter the PCA analysis results for two levels 
of adaptation; ‘alterations’ adaptations (level 2) and ‘alterations and extensions’ (level 4) adaptations are 
presented.  The chapter is presented in three sections, beginning with the first research question examining the 
nature of all building adaptation events and then discusses all levels of building adaptation activity adopting a 
PCA process with the initial results presented.  This analysis undertaken for the first research question 
informed the second round of PCA examining the individual levels of adaption and is relevant to the second 
and third research questions.  Section two presents the PCA for ‘alterations’ adaptations (level 2) and the third 
section presents the PCA for ‘alterations and extensions’ adaptations (level 4).  
 
The dataset for this research included 7393 cases which were collectively grouped under ‘all’ adaptation events. 
PCAs were not computed for minor works (level 1), new build (level 5) and demolition (level 6) work because 
they fell outside the Douglas (2006) definition of adaptation or for change of use adaptation (level 3) because 
too few cases occurred which would have reduced the level of reliability.  The PCAs for the ‘alterations’ 
adaptations (level 2) and the ‘alterations and extensions’ adaptations (level 4) included 1153 and 5290 events 
and are regarded as excellent sample sizes (Tabachnick & Fidell 2001).  Table 5.1 shows the breakdown of 
these cases by level of adaptation, a categorisation which is based on the work of Arup (2008) and Kincaid 
(2002). 
 Table 5.1 Total number and levels of building adaptations in the Melbourne CBD 1998 to 2008 
Level of adaptation Number of cases Percent 
Level 1 very minor work 253 3.42 
Level 2 alterations 1157 15.65 
Level 3 change of use 51 0.69 
Level 4 alterations and extensions 5290 71.55 
Level 5 new building 504 6.82 
Level 6 demolition 138 1.87 
  7393 100.00 
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The PCA for individual levels of adaptation were undertaken for ‘alterations’ adaptations (levels 2) and 
‘alterations and extensions’ adaptations (level 4).  ‘Alterations’ adaptations (level 2) include minor work such as 
removal of partitions, replacement of lesser building services, external repairs and redecorations and so on. 
More extensive alterations which can include extensions were classified as ‘alterations and extensions’ 
adaptations (level 4) in this research, and include such measures as major adaptations, reconfiguration of space, 
replacement of major plant and building services, partial demolition and replacement of the structure and fabric 
of buildings.  Both level 2 and level 4 adaptations events can occur to an entire building or to parts of single 
buildings; for example adaptation of one or more floors of a high rise office building.  
 
5.2 PCA all levels building adaptations 
The database comprised 82 property attributes for each adaptation event, though many attributes were 
unsuitable for the PCA such as building identification numbers and address details.  The list of property 
attributes in the database is shown in table 4.3.  The attributes relevant to this research were property attributes 
associated with adaptation events to commercial buildings in the Melbourne CBD grid as set out by Hoddle 
and as identified in the literature.  The key steps were (a) extract the factors, (b) decide how many factors to 
retain, (c) rotate the factors, (d) interpret the factors and (e) create factor scores.  Researchers often undertake 
numerous analyses using different methods of extraction or retaining different numbers of factors before 
finding a set which can be interpreted and this was the case with this study.  Whereas factor analysis analyses 
co-variance (communality), PCA analyses variance and is the better choice in this instance (Tabachnick & Fidell 
2001).  PCA is a unique mathematical solution and an empirical summary of a dataset; here, property attributes 
and adaptation events.  
 
5.2.1 Extract factors  
Steps one and two are to extract as many factors as possible and then determine the number to retain; table 5.2 
shows all the attributes used in the initial analysis of all building adaptation events in Melbourne.  With 7393 
cases to analyse the reliability of the outcomes are deemed to be ‘excellent’ (Comrey & Lee 1992). 
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Table 5.2 Property attributes used in the PCA of all building adaptation events 
 
1. Building work type. 
2. Total building area.  
3. Nature of work (redevelopment or 
adaptation). 
4. Occupant classification 
(owner/lessee/vacant). 
5. Plan shape. 
6. Typical floor area. 
7. Purpose built for current use. 
8. Occupancy (sole/multiple/vacant).  
9. Purpose built commercial.  
10. Zoning.      
11. Site orientation. 
12. Gross floor area.  
13. Aesthetics. 
14. Net lettable area. 
15. Internal layout (space plan).  
16. Property Council of Australia building grade.  
17. Internal layout (columns). 
18. Type of construction. 
19. Vertical services location.  
20. Elasticity potential vertical flexibility. 
 
21. Existing land use. 
22. Degree of attachment to other buildings. 
23. Floor size.  
24. Site access.  
25. Street frontage (metres).  
26. Tenure type.  
27. Site area (M2).  
28. Property location. 
29. Historic listing.  
30. GreenStar rating.  
31. Number of storeys (height).  
32. NABERS rating. 
33. Age in 2010.  
34. ABGR Rating. 
35. Year Built.  
36. Building envelope and cladding. 
37. Parking.  
38. Hostile factors. 
39. Number of car bays. 
40. Elasticity potential lateral flexibility. 
41. Proximity to transport. 
42. Tenure type. 
 
 
A series of different PCA iterations were run using SPSS version 17 (SPSS v17), starting with all forty two 
attributes in table 5.2 and each time a different property attribute was omitted to determine a reliable statistical 
analysis. In SPSS v17 the following parameters were established for the factor analysis.  To produce a table of 
correlation coefficients, the ‘descriptive box’ was selected and ‘initial solution’ selected.  The Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity were selected where a KMO score 
of greater than 0.5 is considered acceptable and for the Bartlett test a significance of less than 0.05 for cause for 
further factor analysis.  
 
After numerous iterations individual property attributes were removed until a KMO and Bartlett’s test were 
calculated and produced.  During each iteration of the PCA the researcher sought to derive the highest KMO 
score along with the highest possible cumulative percentage for the total variance explained.  In thirty three 
successive PCA iterations twenty five property attributes were removed as follows;   
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1. Nature of work (redevelopment or 
adaptation) 
2. Elasticity potential lateral flexibility 
3. Purpose built for current use 4. NLA 
5. Purpose built commercial 6. Type of construction 
7. Plan shape 8. Tenure type 
9. Site orientation 10. GreenStar rating 
11. Internal layout (space plan) 12. NABERS rating 
13. Floor size 14. ABGR Rating 
15. Site area (square metres) 16. Building envelope and cladding 
17. Year Built 18. Hostile factors 
19. Number of Car Bays 20. Zoning 
21. Total Building Area 22. Tenure type 
23. Occupant Classification (owner / lessee / 
vacant) 
24. Occupancy (sole/multiple/vacant) 
25. Proximity to transport  
 
The PCA with the highest KMO score and highest degree of total variance explained contained the following 
property attributes: 
1. Aesthetics 2. Internal layout (columns) 
3. Vertical services  4. Existing land use 
5. Street frontage (metres)  6. Historic listing  
7. Number of Storeys (height)  8. Age in 2010  
9. Parking  10. Typical floor area  
11. GFA  12. PCA grade  
13. Elasticity potential vertical flexibility 14. Degree of attachment to other buildings 
15. Site access  16. Property location 
17. NLA  
 
For the retained property attributes the KMO score and Bartlett’s test are shown in table 5.3. 
Table 5.3 KMO and Bartlett's Test PCA all adaptation events 
 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.517 
Bartlett's Test of Sphericity Approximate Chi-Square 9255.903 
Df 136 
Significance 0.000 
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With the KMO of 0.517 exceeding 0.50 and the significance less than 0.05, the PCA was continued. A ‘scree’ 
plot option was generated as it was helpful to visualise where the change occurs between attributes having an 
effect and those forming the main plot of the ‘scree’ at the base which have limited effect (Tabachnick and 
Fidell 2001).  Tabachnick and Fidell (2001) noted interpretation of the scree plot is subjective.  A total of 17 
property attributes were analysed and produced a 17 factor table (5.4) and the scree showed a flattening after 
the sixth factor.  This suggests that five factors of property attributes have had the highest effect on CBD 
building adaptations between 1998 and 2008.  
 
5.2.2. Rotate the factors  
The next stage was the rotation of the factors using an ‘oblique’ Direct Oblimin rotation to identify the factors 
that underlie responses to observed property attributes.  For example, the examination sought to determine if 
the attributes of historic listing and age were correlated in building adaptation events.  Finally the analysis 
sought to address missing values and the way coefficients were displayed.  In the ‘missing values’ option the 
‘exclude cases list-wise’ was chosen.  The total variance explained table is divided into three sections as shown 
in table 5.4.  The first heading under Initial Eigenvalues shows the variance explained by each of the seventeen 
factors in the table extracted by PCA (Hinton, Brownlow et al. 2004).  In the second section, the variance 
explained by five factors is shown.  Overall these five factors explain 92.12% of the original variance.  
 
Table 5.4 Total variance explained PCA all adaptation events  
(Extraction Method: Principal Component Analysis.) 
 
Factor 
no. 
Initial Eigenvalues 
 
Extraction Sums of Squared 
Loadings 
Rotation Sums of 
Squared Loadings 
Total 
% of 
Variance 
Cumulative 
% Total 
% of 
Variance 
Cumulative 
% Total 
1 9.719 57.168 57.168 9.719 57.168 57.168 7.988 
2 2.788 16.403 73.571 2.788 16.403 73.571 3.038 
3 1.555 9.148 82.719 1.555 9.148 82.719 3.774 
4 0.924 5.434 88.153 0.924 5.434 88.153 2.125 
5 0.675 3.969 92.122 0.675 3.969 92.122 7.459 
6 0.417 2.455 94.578     
7 0.304 1.790 96.367     
8 0.229 1.346 97.714     
9 0.169 0.995 98.709     
10 0.105 0.620 99.329     
11 0.045 0.266 99.594     
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12 0.031 0.183 99.777     
13 0.024 0.142 99.918     
14 0.009 0.051 99.969     
15 0.004 0.022 99.991     
16 0.001 0.008 100.000     
17 7.075E-5 0.000 100.000     
 
The fourth factor has an Eigenvalue of 0.924 which is less than 1, using the Kaiser criterion only three factors 
are retained, accounting for 82.71% of total variance which is higher than the 70-80% recommended for robust 
results (Jackson 2003).  There is a large gap between factor three Eigenvalue of 1.55 and the Eigenvalue of 
factor four of 0.924 which denotes a good cut off point between factors (Tabachnick & Fidell 2002).  The third 
section, headed rotation, shows the Eigenvalue of each of the five rotated factors.  Note that as the factors are 
correlated with each other there is some overlap in the variance explained by each factor (Francis 2007).  The 
total amount of variance explained by the five factors cannot be obtained by adding the five Eigenvalues.  The 
communalities table gives the communality for each variable both at the initial stage when all seventeen 
property attributes are present and at the final stage when just five factors are retained.  The communality is the 
proportion of variance in each item which is explained by the five factors.  For the rotated solution the factor 
loadings (standardised partial regression coefficients) are given in a pattern matrix (table 5.5).  
 
Table 5.5. Factor loadings for all adaptation events 
(Extraction Method: Principal Component Analysis.) 
(Note: the figures highlighted in bold are those retained in each factor) 
Property attributes 
Physical 
and social 
 
(Factor 1) 
Economic 
and land  
 
(Factor 2) 
Amenity 
and  
flexibility 
potential 
  
(Factor 3) 
 
(Factor 4) (Factor 5) 
Age in 2010 -0.964 -0.067 0.004 0.033 -0.012 
Degree of attachment to other 
buildings 
0.952 0-.010 0.110 0.282 -0.032 
Historic listing  0.887 0.178 0.016 0-.011 0.114 
Typical floor area 0.798 -0.018 -0.154 -0.226 0.135 
Gross floor area 0.682 -0.438 -0.085 0.048 0.163 
Net lettable area 0.671 -0.460 -0.036 0.036 0.181 
Number of storeys 0.639 -0.426 -0.114 0.142 0.161 
Street frontage (metres) 0.424 0.209 -0.417 -0.397 0.380 
Property location  -0.057 0.895 0.020 -0.074 -0.144 
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Vertical services location  0.035 -0.232 0.932 -0.138 0.054 
Existing land use  0.022 0.228 0.866 0.004 0.080 
Property Council of Australia 
building quality grade 
-0.316 0.160 0.540 0.012 -0.354 
Elasticity potential - vertical  0.217 0.071 -0.131 0.877 0.053 
Aesthetics  0.251 0.269 0.365 -0.526 -0.383 
Parking  -0.011 -0.098 0.015 0.092 0.885 
Site access  0.051 -0.307 -0.015 0.010 0.820 
Internal layout - columns  -0.297 -0.402 -0.094 0.000 -0.728 
 
In oblique rotations the meaning of factors is derived from the pattern matrix which shows the unique 
relationships (uncontaminated by overlap among factors) between each factor and each observed variable 
(Tabachnick & Fidell 2001).  In table 5.5, the figures in bold are the property attributes which meet the 
selection criteria for each factor in the PCA. 
 
5.2.3 Factor one results - all levels adaptation events 
All adaptation events comprised all the adaptation events from level 1 to level 4 inclusive as shown in table 5.1 
and the interpretation of the rotations is discussed for each factor in the PCA.  In factor 1 the property 
attributes age in 2010, degree of attachment to other buildings, historic listing and typical floor area are moderately to very 
strongly loaded in the rotated solution (table 5.4) and explain 57.16% of the variance.  Two of the four property 
attributes relate to the physical size of the building (typical floor area) and the degree of attachment to other buildings (i.e. 
physical attributes).  Although gross floor area and net lettable area and number of storeys (height) are moderately 
loaded on factor 1 because they are also moderately loaded on factor 2 with scores of -0.438, -0.460 and -0.426 
respectively, they have to be omitted from further analysis.  
 
Age in 2010 is negatively loaded which suggests as buildings age more adaptation occurs.  The remaining two 
attributes relate to building age (a temporal attribute though it is noted that there is a relationship between age 
and physical building condition as time passes building become increasingly worn out with components 
requiring repair, replacement and renewal), whether the property has a historic listing or not (a legal or regulatory 
attribute).  The property attributes age in 2010. degree of attachment to other buildings, historic listing and typical floor area 
were classified in table 4.3 as physical and social attributes.  Accordingly these attributes are labelled ‘physical 
and social’ and therefore interpretation is possible for the attributes contained in factor one and meet the 
Tabachnick & Fidell (2001) test of ‘making sense’. 
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5.2.4 Factor two results - all levels adaptation events 
In the rotated solution one property attribute is very strongly loaded on factor two in table 5.4; property location 
which is deemed an economic attribute in this analysis (see table 4.3).  A single factor is not ideal in PCA and a 
degree of caution must be exercised with interpretation of the factor.  This property attribute alone explains 
16.4% of the variance (table 5.4).  The coding of the data is based on whether the location of the property is 
ranked on a scale by the market as either ‘prime’ location (i.e. the most expensive with highest rental levels and 
capital values) ‘low prime’, ‘high secondary’, ‘low secondary’ or a ‘fringe’ location (i.e. the lowest rental levels 
and capital values) in the Melbourne CBD.  The basis of interpretation of this factor is that the location of a 
property will affect the amount and scope of adaptation and there is a well known relationship between 
property and location (Australian Property Institute 2007).  For example it may be postulated that buildings in 
prime locations undergo a greater frequency of adaptation because they need to be refreshed and maintained up 
to the highest market standards in order to retain the highest rental and capital values in the CBD area.  
Conversely properties in the fringe locations undergo less adaptation because the capital expenditure on the 
adaptation may not be recouped in increased rental yields or capital values.  This factor is labelled ‘economic 
and land’. 
 
5.2.5 Factor three results - all levels adaptation events 
The property attributes vertical services location and existing land use are strongly loaded on factor three in the 
rotated solution at 0.932 and 0.866 respectively, with a third variable Property Council of Australia building quality 
grade loading moderately on the component at 0.540.  The property attributes contained in factor three explain 
9.14% of the variance (table 5.4).  Vertical services location relates to the design of property in terms of the physical 
location of the building services (i.e. physical attribute).  Existing land use can be viewed as a physical property 
attribute.  
 
Property Council of Australia building quality grade is partly measured by the level of building services found in 
property which are of considerable importance in commercial buildings.  Building services, more so than other 
building components, have shorter lifecycles up to 20 years and become outdated, worn out and replaced. In 
comparison building frames are deemed to have lifecycles in excess or 80 years.  Attributes with loadings 
exceeding 0.55 are important (Comrey & Lee 1992 as cited by Tabachnick & Fidell 2001) and although Property 
Council of Australia building quality grade is just below this threshold, it has been adopted in factor three as Joliffe 
(2002) noted interpretation of PCA permits some degree of subjectivity on the part of the researcher. 
Collectively the three property attributes in this factor can be interpreted as ‘amenity and flexibility potential’ 
attributes. 
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5.2.6 Factor four & five results - all levels adaptation events 
In the rotated solution the attributes elasticity potential (vertical) and aesthetics are strongly to very strongly loaded 
on factor four.  Factor four has two attributes which relate to physical property attributes and explain 5.43% of 
variance.  Given that the Eigenvalue of 0.924 is less than one (table 5.4) and the minimal amount of variance 
explained by these components no further analysis is undertaken.  Similarly the strongly loaded attributes in 
factor five explain a mere 3.98% of variance and have an Eigenvalue of 0.675 which is less than 1 and are not 
analysed further.  After scrutiny of the scree plot and the application of Cattell’s (1966) and Joliffe’s (2002) 
criteria these factors were deemed too weak to warrant analysis.  When the proportion of total variance test is 
applied these factors did not contribute any reasonable level of variance to justify further analysis (Jackson 
2003).  Table 5.6 summarises the main PCA factor categories and the names ascribed by the researcher 
interpreting the PCA for all adaptations.  Additionally, for each of the three factor names in the table 5.6 the 
percentage of variance explained is stated.  The factor attribute columns notes the percentage of variance 
explained by each attribute within the factor in brackets; in each of the factor attributes the percentages total 
one hundred.  For example, in factor one, physical and social the four attributes are fairly equal to the similar 
loadings for these four attributes in the PCA reported in Table 5.5.  These figures are used in the predictive 
model to derive the attribute weightings described in chapter seven.  
 
Table 5.6 Summary of PCA factors - all adaptations  
 
Factor 
number 
 
 
Factor name  
(% of variance 
explained) 
 
Factor attributes  
(% of variance explained within factor) 
1 Physical and social 
(57.17%) 
Age in 2010 (26.66%) 
Degree of attachment to other buildings (26.44%)  
Historic listing (24.63%) 
Typical floor area (22.16%) 
2 Economic and land 
(16.4%) 
 
Property Location (100%) 
 
3 Amenity and 
flexibility potential 
(9.15%)  
Vertical services location (39.86%) 
Existing land use (37.04%) 
Property Council of Australia building quality grade (23.1%) 
 
 
5.3  ‘Alterations adaptations’ (level 2)  
For the ‘alterations’ adaptations (level 2) PCA, the process described above was repeated with 1153 events 
which according to Comrey & Lee (1992) this number of events provides a very reliable PCA.  
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5.3.1  Extract factors  
Table 5.2 shows the attributes used in the initial analysis of ‘alterations’ adaptation events (level 2), after 
numerous PCA iterations individual attributes were removed until a KMO and Bartlett’s test were calculated, 
thereafter seeking the highest KMO score along with the highest possible cumulative percentage for the total 
variance explained.  Twenty eight property attributes were removed from the PCA analysis as follows:  
 
1. Nature of work (redevelopment or adaptation) 2. Elasticity potential lateral flexibility 
3. Purpose built for current use 4. Net lettable area 
5. Purpose built commercial  6. Type of construction 
7. Plan shape 8. Tenure type 
9. Site orientation 10. GreenStar rating  
11. Internal layout (space plan) 12. NABERS rating 
13. Floor size 14. ABGR Rating 
15. Site area (square metres) 16. Building envelope and cladding 
17. Year Built 18. Hostile factors 
19. Number of Car Bays  20. Zoning 
21. Total Building Area  22. Tenure type 
23. Occupant Classification (owner/lessee/vacant) 24. Occupancy (sole/multiple/vacant) 
25. Proximity to transport 26. Internal layout (columns) 
27. Parking 28. Elasticity potential – vertical  
 
 
The PCA with the highest KMO score and highest degree of total variance explained contained the following 
property attributes: 
 
1. Aesthetics 2. Vertical services  
3. Existing land use 4. Street frontage (metres)  
5. Historic listing  6. Number of Storeys (height)  
7. Age in 2010  8. Typical floor area  
9. Gross floor area  10. Property Council of Australia building 
grade  
11. Degree of attachment to other buildings 12. Site access  
13. Property location  
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For the thirteen retained property attributes the KMO score and Bartlett’s test are shown in table 5.7.  As a 
KMO of 0.50 and above is considered good, the KMO of 0.612 therefore is very reliable and with the 
significance less than 0.05, the PCA was continued.  
Table 5.7 KMO and Bartlett's Test PCA ‘alterations’ adaptation events (level 2)   
Kaiser-Meyer-Olkin Measure of Sampling  Adequacy 0.612 
Bartlett's Test of Sphericity Approximate Chi-Square 1575.804 
Df 78 
Significance 0.000 
 
5.3.2  Rotate the factors   
The next stage was the rotation of the factors using the Direct Oblim oblique rotation to identify the total 
variance explained by the property attributes (table 5.8).  The variance explained by each of the thirteen 
property attributes extracted by principal component analysis is shown under Initial Eigenvalues (Hinton et al. 
2004).  In the extraction sum of squared loadings section the amount of variance explained by the four factors 
is shown and overall they explain 82.09% of the total variance. 
Table 5.8 Total variance explained PCA ‘alterations’ adaptation events (level 2)  
(Extraction Method: Principal Component Analysis.) 
 
Factor no. 
Initial Eigenvalues 
 
Extraction Sums of Squared  
Loadings 
Rotation Sums 
of Squared 
Loadings 
Total 
% of 
Variance 
Cumulative 
% Total 
% of 
Variance 
Cumulative 
% Total 
1 5.495 42.271 42.271 5.495 42.271 42.271 5.338 
2 2.559 19.687 61.958 2.559 19.687 61.958 2.515 
3 1.468 11.294 73.251 1.468 11.294 73.251 1.761 
4 1.149 8.840 82.092 1.149 8.840 82.092 1.759 
5 0.779 5.996 88.087     
6 0.423 3.250 91.338     
7 0.383 2.944 94.282     
8 0.295 2.272 96.554     
9 0.237 1.825 98.378     
10 0.095 0.731 99.109     
11 0.067 0.515 99.624     
12 0.037 0.284 99.908     
13 0.012 0.092 100.000     
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The third section, Rotation Sums of Squared Loadings, shows the Eigenvalue of each of the four rotated 
factors.  As the factors are correlated with each other there is some overlap in the variance explained by each 
factor and the total amount of variance explained by these four factors cannot be obtained by adding the four 
Eigenvalues (Francis 2007).  For the rotated solution the factor loadings (standardised partial regression 
coefficients) are given in the table 5.9.   
 
Table 5.9 Factor loadings for ‘alterations’ adaptation events (level 2).  
(Extraction Method: Principal Component Analysis.) 
(Note: the figures highlighted in bold are those retained in each factor) 
Property attributes 
Physical 
and size 
(Factor 1) 
Amenity and 
flexibility 
potential 
(Factor 2) 
Land 
(Factor 3) 
Social 
(Factor 4) 
Gross floor area 0.948 -0.097 0.026 -0.036 
Number of storeys 0.944 -0.151 -0.020 -0.020 
Degree of attachment to other 
buildings 
0.798 0.116 -0.230 0.096 
Typical floor area 0.798 0.177 -0.035 0.094 
Site access 0.791 0.156 0.378 -0.146 
Property location -0.349 0.232 -0.618 -0.093 
Age in 2010 -0.309 0.093 0.259 0.561 
Property Council of Australia 
grade 
-0.291 0.572 0.171 -0.087 
Aesthetics -0.255 0.190 0.086 -0.539 
Existing land use 0.023 0.941 0.107 0.002 
Vertical services location 0.195 0.823 -0.292 -0.047 
Street frontage (metres) 0.086 0.024 -0.941 -0.058 
Historic listing -0.034 0.025 -0.010 -0.911 
 
5.3.3  Factor one results ‘alterations’ adaptations (level 2) 
In the rotated solution the property attributes gross floor area, number of storeys, degree of attachment to other buildings, 
typical floor area and site access are strongly to very strongly loaded on factor 1 (table 5.9).  The five property 
attributes contained in factor one explained 42.27% of the variance.  Three of the five property attributes relate 
to the physical dimensions and size of the property in terms of floor area and height (i.e. physical attributes) as 
shown in table 4.3.  The remaining two attributes relate to degree of attachment to other buildings and site access the 
number of access or entry or exit points to the building were classified as physical attributes in table 4.3.  It is 
possible to refer to these attributes as ‘physical and size’.  
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5.3.4  Factor two results ‘alterations’ adaptations (level 2) 
In the rotated solution three property attributes are loaded very strongly to moderately on factor two, these 
being existing land use, vertical services location and thirdly Property Council of Australia building quality grade.  The 
attributes contained in factor two explain 19.68% of the variance.  In this factor the attributes may be described 
as influenced by economic and amenity factors (table 4.3).  The existing land use will affect potential for a change 
of use and the range of capital value and rental yield possible for the property.  Similarly Property Council of 
Australia building quality grade can be interpreted as a benchmark of building quality associated with capital and 
rental values.  Both attributes can be said to be associated with amenity and the level of amenity provided 
within a property.  The vertical services location is more of a design space planning attribute – with the vertical 
services location affecting the sub division of floors, as all tenancies on single floor level need to have access to 
the lifts and vertical services.  Collectively the attributes are described and named ‘amenity and flexibility’ 
potential. 
  
5.3.5  Factor three results ‘alterations’ adaptations (level 2) 
The two attributes street frontage and property location are very strongly and moderately loaded on factor three in 
the rotated solution (table 5.9).  The property attributes contained in factor three explain 11.29% of the original 
variance and both are negatively loaded.  With interpretation and reference to table 4.3 the two attributes in this 
factor can be interpreted and labelled ‘land’. 
 
5.3.6  Factor four results ‘alterations’ adaptations (level 2)  
Factor four contains three attributes which relate to social property attributes (table 4.3).  In the rotated 
solution the attributes age in 2010, aesthetics and historic listing are moderately to very strongly loaded on factor 
four (table 5.9).  The property attributes contained in factor four explain 8.84% of the variance.  The 
appearance of a building and their aesthetic qualities add or detract from the appeal of a street or 
neighbourhood.  Historic listing is a measure of value ascribed to a building by society on account of its cultural 
and social values.  Table 5.10 summarises the main PCA factor names ascribed by the interpretation of the 
PCA for level 2 adaptation events together with the total percentage of variance explained for each factor by 
the PCA and the percentage of variance explained within by each attribute within the factor. 
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Table 5.10 Summary of PCA factors ‘alterations’ adaptations (level 2).  
 
Factor 
number 
 
 
Factor name 
(% of variance explained) 
 
Factor attributes 
(% of variance explained within factor) 
1 Physical and size (42.27%)  Degree of attachment to other buildings (22.15%) 
Typical floor area (22.06%) 
Gross floor area (18.65%)  
Number of storeys (18.65%) 
Site access (18.49%) 
 
2 Amenity and flexibility 
potential (19.68%) 
  
Existing land use (40.28%) 
Vertical services location (35.23%) 
Property Council of Australia building grade (24.48%) 
 
3 Land (11.29%) Street frontage (60.36%) 
Property location (39.64%) 
 
4 Social (8.84%) Historic listing (45.3%) 
Age in 2010 (27.9%) 
      Aesthetics (26.8%) 
 
 
5.4 ‘Alterations and extensions’ adaptations (level 4) 
For the PCA of ‘alterations and extensions’ adaptations (level 4), the process described above was repeated 
with 5290 events analysed which is acceptable for PCA (Comrey & Lee 1992).  The degrees of works 
undertaken in ‘alterations and extensions’ adaptations are of a far more extensive nature than ‘alterations’ 
adaptations (level 2).  
 
5.4.1 Extract factors  
Table 5.2 shows the property attributes used in the initial analysis of ‘alterations and extensions’ (level 4) 
building adaptation events.  In successive PCA iterations property attributes were sequentially removed.  The 
PCA with the highest KMO score and highest degree of total variance explained contained the thirteen 
property attributes as follows: 
 
1. Aesthetics 2. Vertical services location 
3. Parking 4. Street frontage (metres)  
5. Historic listing  6. Number of Storeys (height)  
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7. Age in 2010  8. Typical floor area  
9. Gross floor area 10. Property Council of Australia building grade  
11. Degree of attachment to other buildings 12. Site access  
13. Property location  
 
 
The KMO score and Bartlett’s test for the property attributes are shown in table 5.11.  With the KMO of 0.623 
exceeding 0.50 and the significance less than 0.05, the PCA was continued.  A ‘scree’ plot was selected to 
visualise where the change occurred between property attributes having an effect and those forming the base of 
the ‘scree’ which have limited effect (Tabachnick and Fidell, 2001).  Thirteen attributes have been analysed and 
the ‘scree’ flattened after the third attribute, denoting three attributes had the highest effect on level 4 building 
adaptations. 
 
 
Table 5.11 KMO & Bartlett's Test PCA ‘alterations & extensions’ adaptations (level 4). 
 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.623 
Bartlett's Test of Sphericity Approximate Chi-Square 10457.922 
Df 78 
Significance 0.000 
 
 
5.4.2 Rotate the factors  
The Direct Oblim oblique rotation was used and the total variance explained is shown in table 5.12.  Initial 
Eigenvalues shows the variance explained by each of the thirteen property attributes extracted by principal 
component analysis (Hinton et al. 2004).  In the Extraction Sums of Squared Loadings section the variance 
explained by the three factors are shown. 
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Table 5.12 Total variance explained PCA ‘alterations & extensions’ events (level 4). 
(Extraction Method: Principal Component Analysis.) 
 
Factor no. 
Initial Eigenvalues 
 
 
Extraction Sums of Squared  
Loadings 
 
Rotation 
Sums of 
Squared 
Loadings 
Total 
% of 
Variance 
Cumulative 
% Total 
% of 
Variance Cumulative % Total 
1 5.832 44.861 44.861 5.832 44.861 44.861 5.790 
2 2.572 19.784 64.645 2.572 19.784 64.645 2.332 
3 1.214 9.338 73.983 1.214 9.338 73.983 1.918 
4 0.858 6.597 80.580     
5 0.761 5.851 86.430     
6 0.614 4.720 91.151     
7 0.387 2.973 94.124     
8 0.290 2.233 96.357     
9 0.255 1.958 98.316     
10 0.118 0.911 99.227     
11 0.053 0.405 99.632     
12 0.042 0.320 99.952     
13 0.006 0.048 100.000     
 
Overall three factors explain 73.98% of the original variance.  The third section, Rotation Sums of Squared 
Loadings, shows the Eigenvalue of each of the three rotated factors.  For the rotated solution the factor 
loadings (standardised partial regression coefficients) are given in the table 5.13.  In oblique rotations the 
meaning of factors is derived from the pattern matrix which shows the unique relationships (uncontaminated 
by overlap among factors) between each factor and each observed property attribute. 
 
Table 5.13 Factor loadings – ‘alterations & extensions’ events (level 4). 
Property attributes 
Physical 
/Size 
(Factor 1) 
Land 
(Factor 2) 
Social 
(Factor 3) 
Number of storeys 0.958 0.048 0.050 
Gross floor area 0.958 -0.009 0.037 
Property Council of Australia building  grade -0.822 0.023 0.115 
Degree of attachment to other buildings 0.775 0.203 -0.009 
Typical floor area 0.743 -0.053 0.061 
Site access  0.737 -0.057 0.297 
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Aesthetics  -0.203 -0.144 0.485 
Parking  0.427 -0.005 0.423 
Street frontage (metres) 0.225 0.886 0.015 
Vertical services location  0.041 0.861 0.030 
Property location  -0.625 0.695 0.125 
Historic listing -0.177 0.175 0.823 
Age in 2010 -0.476 -0.123 -0.632 
 
5.4.3 Factor one results ‘alterations & extensions’ adaptation events (level 4) 
In the rotated solution the property attributes number of storeys, gross floor area, Property Council of Australia building 
quality grade, aesthetics, degree of attachment to other buildings, typical floor area and site access are strongly to very strongly 
loaded on factor one (table 5.12).  The property attributes in factor one explain 44.86% of the original variance. 
Factor one contains six property attributes which is a high number in a single factor (table 5.13). It is possible 
to refer to these attributes collectively as ‘physical and size’ (table 4.3).  Three of the six attributes relate to the 
physical dimensions and size of the property in terms of floor area and height (i.e. physical attributes).  Of the 
remaining four attributes, two relate to the degree of attachment to other buildings and site access; the number of access 
or entry or exit points to the building.  Property Council of Australia building quality grade is strongly and negatively 
loaded on factor one and relates to building quality.  With a highest score of 0.427 in factor one and a score of 
0.423 in factor three, the attribute parking is deemed too weak to include in the final interpretation.  
  
5.4.4 Factor two results ‘alterations & extensions’ adaptation events (level 4)  
In the rotated solution for factor two three property attributes are loaded very strongly to strongly, these being 
street frontage, vertical services location and property location (table 5.13).  The attributes contained in factor two 
explained 19.78% of the variance.  In this factor the property attributes may be described as influenced by land 
factors.  The street frontage or width of the land parcel and the property location relate to land attributes (table 4.3). 
The vertical services location are a design attribute that influence the flexibility of the space plan to adapt to 
different configurations of the floor plate.  
 
5.4.5 Factor three results ‘alterations & extensions’ adaptation events (level 4) 
The attributes historic listing and age in 2010 are very strongly and moderately loaded on factor three in the 
rotated solution.  Whilst aesthetics is weakly loaded on this factor, it is included in the analysis (table 5.13) 
because it meets Tabachnick and Fidell’s (2001) test of ‘making sense.  The property attributes contained in 
factor three explain 9.33% of the variance.  The age in 2010 attribute is negatively loaded.  Collectively the 
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attributes can be described as social attributes of adaptation and are named ‘social’ (table 4.3).  Table 5.14 
summarises the three main PCA factors and names ascribed by the researcher interpreting the PCA for 
‘alterations and extensions adaptations (level 4). ).  The total percentage of variance explained for each factor by 
the PCA is stated in the factor name column and the percentage of variance explained within each attribute 
within the factor is noted in the factor attributes column. 
 
Table 5.14 Summary of PCA factors ‘alterations & extensions’ adaptations (level 4). 
  
 
Factor  
number 
 
 
Factor name 
(% of variance 
explained) 
 
Factor attributes 
(% of variance explained within factor) 
1 Physical and size 
(44.86%) 
Number of storeys (19.19%) 
Gross floor area (19.19%) 
Property Council of Australia building quality grade (16.46%) 
Degree of attachment to other buildings (15.52%) 
 Typical floor area (14.88%) 
Site access (14.76%) 
 
2 Land (19.78%) Street frontage (36.28%) 
Vertical services location (35.36%) 
Property location (28.46%) 
 
3 Social (9.32%) Historic listing (42.42%) 
Age in 2010 (32.58%) 
Aesthetics (25%) 
 
 
5.5 Conclusions   
This chapter has reported on the process and the results of three successive PCAs, all of which adopted best 
practice (Joliffe 2002, Jackson 2003, Tabachnick & Fidell 2001).  The first PCA related to all building 
adaptation levels and produced three factors named, a) physical and social, b) land and c) amenity and flexibility 
potential.  There are two primary findings; firstly, this analysis reveals three well defined readily interpreted 
factors which explain 82.71% of variance (table 5.4).  Secondly, the initial finding from the ‘all’ levels 
adaptations analysis is that the PCA has correlated property attributes previous studies identified as separate 
and distinct (Blakstad 2001, Kucik 2004, Arge 2005).  
 
Previous studies categorised attributes distinctly into economic, physical, technological, environmental and 
legislative (regulatory) groupings, however the results of the analysis reveal that these groupings do not 
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correlate strongly or well in the PCA.  On this analysis it is apparent that the relationships between building 
adaptation and property attributes are more complex than previously considered.  One reason could be that 
some property attributes can be interpreted in more than one way; that is to say they can belong to one or more 
groupings.  For example, that the attribute Property Council of Australia building quality grade could be seen as one 
denoting the level of building amenity and quality, but equally Property Council of Australia building quality grade is 
an indication of rental yield and capital value and could be seen as an economic attribute as well as an amenity 
attribute.  
 
The second PCA was restricted to ‘alterations’ adaptations (level 2) and produced four readily defined and 
interpreted factors labelled; a) physical and size, b) amenity and flexibility potential, c) land and d) social.  The 
factors contained five, three, two and three property attributes respectively.  The final PCA covered ‘alterations 
and extensions’ adaptations (level 4), the most extensive and far reaching level of adaptation which produced a 
three factor solution with the labels a) physical and size, b) land and c) social respectively.  This analysis reveals 
three defined and readily interpreted factors, containing six, two and three property attributes respectively and 
which accounted for 73.98% of total variance.  The PCAs for level 2 and level 4 correlated attributes earlier 
studies identified as separate and divergent (Blakstad 2001, Kucik 2004; Arge 2005).  The correlation of the 
property attributes into factor groupings previously not seen has occurred in all three PCAs and this is 
discussed in chapter six.   
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Chapter Six  
Interpreting and Analysing the PCAs.  
 
6.1 Introduction 
Chapter six provides an in-depth interpretation, analysis and discussion of the results of the three PCAs to 
examine the relationships between the property attributes and adaptation events.  The analysis is triangulated 
with the literature and the importance of various attributes is discussed and identified.  The interpretation of 
the PCAs is discussed in the context of the first and second research questions;  
1. What is the strength of the relationships and the interaction between building adaptation events in the CBD and 
commercial property attributes? and;  
2. What are the important criteria for the undertaking of an effective decision-making process involving the adaptation of 
existing commercial buildings?  
 
6.2 Interpreting the PCA for all adaptations 
The first PCA included all levels of adaptations in the dataset; that is adaptations ranging from the most 
negligible ‘minor’ (level 1), to the next step up ‘alterations’ (level 2), to across use ‘change of use’ (level 3) 
adaptation which can involve both minor or major works, to the most wide-ranging adaptations known as 
‘alterations and extensions’ (level 4), to ‘new build’ (level 5), and finally to ‘demolition’ (level 6).  New build and 
demolition works are so extensive that little or nothing may remain of the original building and therefore is 
outside the scope of adaptation used adopted in this research. 
 
6.2.1 Factor one all adaptations – physical and social  
Table 5.6 summarises the factors and factor names and attributes in the PCA of all adaptation levels.  This 
discussion is focussed on factor one and on the attributes; age in 2010, degree of attachment to other buildings, historic 
listing and typical floor area. 
 
Clearly age in 2010 is a very important attribute and is the most highly loaded on factor one (table 5.5).  It is 
known that as buildings age, they become worn and subject to obsolescence (Baum 1991, Barras & Clark 1996, 
Douglas 2006). Age in 2010 is negatively geared which suggests logically as buildings age more adaptation 
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occurs and adaptation is more likely.  Without adaptation, buildings are affected by obsolescence attracting 
fewer tenants and lower rental income, eventually becoming unlettable and requiring demolition (Swallow 
1997).  Therefore it is reasonable that the relationship between adaptations and building age is the strongest and 
is denoted by the highest loading in factor one.  The results indicate that the primary consideration for 
stakeholders involved in building adaptation is the age of the building. Many studies have noted that age is 
important in adaptation (Barras and Clark 1996, Ball 2002, Fianchini 2007). When the age in 2010 of the 
buildings adapted between 1998 and 2008 is examined, 70.6% of adaptation works occurred to buildings aged 
between 19 and 41 years of age.  This indicates that the majority of the stock underwent the first major 
adaptation between 1998 and 2008.  It is acknowledged that buildings require some extensive remodelling after 
their first 20 years and that the fabric and also the space plan ages to a point where reconfiguration and renewal 
is necessary (Brand, 1994).  The mean age of the buildings in the study was 38.12 years; which is slightly older 
than the mean for the entire commercial stock for Melbourne of 31 years (Jones Lang LaSalle 2008) and it 
makes sense that these older buildings are those undergoing adaptation.  Only 7.18% of adaptation works 
occurred to buildings aged between up to 18 years and this indicates that the newer stock suits the needs of 
contemporary users much better than the stock aged 19 years plus.  The literature typically refers to the first 
major refurbishment being required at 25 years or so (Brand 1994, Douglas 2006).  However, this research 
indicates in practice that this figure is nearer to, or just below, twenty years in Melbourne. 
 
The buildings aged 42 years to 156 years in the analysis accounted for 22.75% of adaptations, with only 10.23% 
of adaptation works occurring to buildings aged 75 years plus. An explanation for this fall off in the rate of 
adaptation after a certain age is that many older buildings by this stage have been demolished and replaced by 
newer stock.  The interpretation is the majority of buildings eventually reach an age in Melbourne’s market 
whereby they can no longer meet the demands or expectations of the marketplace even with adaptation. An 
implication of these findings is that owners and designers should be realistic of a building’s lifecycle and avoid 
over-specification of commercial office buildings whereby extra resources are committed to buildings to 
provide a hypothetical life of 100 plus years for example.  When in reality societal tastes, needs, perceptions and 
expectations will have changed so much so that the building will be perceived to no longer meet market 
expectations after this time. In terms of sustainability issues, this means that consideration of building ‘de-
construction’ must be a far higher priority for designers, owners, legislators and society.  ‘De-construction’ is 
the ability to partially or wholly dismantle or ‘de-construct’ a building or parts thereof, during or at the end of 
the useful lifecycle, and it allows for the reuse of building components and/or recycling of those materials for 
further use elsewhere.  In essence the building life-cycle of components is extended for use in other buildings 
or structures. It can be argued that adoption of deconstruction is a move away from the philosophy of 
adaptation; however the argument is that the concept of adaptation as being within building and within site is 
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extended to embrace across building and across site applications thereby the whole life cycle of materials and 
components is fully utilised. Adaptation will be more easily accommodated if de-construction has been 
considered in the initial building design.  
 
Degree of attachment to other buildings is the second highest attribute loaded in factor one.  In the CBD many 
smaller low rise buildings tend to be attached on two sides, with the larger high rise stock more likely to be 
detached. Povall & Eley (in Markus, 1979) and Isaacs in Baird (1996) had noted that the degree of attachment to 
other buildings affected not only the ease of adaptation but also the desirability of adaptation.  Buildings which are 
detached are easier to adapt externally because owners can get access to elevations for construction works such 
as re-cladding the buildings external envelope for example.  Internal adaptations are easier to undertake with 
detached or less attached properties as owners can gain access for materials delivery and removal of waste 
without disturbing or needing to engage in negotiations with neighbours.  The result of the high loading 
indicates that in practice this is found to be true; the degree of attachment to other buildings is important.  Analysis of 
all the adaptations shows that buildings which are less attached to others are more likely to undergo adaptation 
(figure 6.1).  Detached buildings accounted for 43.81% of all adaptations, followed by stock attached on two 
sides at 22.36%, and semi-detached stock 13.24%.  The lowest percentage of adaptations occurred to buildings 
attached on three sides (7.93%) indicating the negative impact of access issues faced by owners in adapting 
buildings with a high level of attachment to adjoining properties.  
Figure 6.1 All adaptations by degree of attachment to other buildings. 
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Historic listing is highly loaded on factor one and indicates that heritage overlay or listing has an important 
affect on adaptations.  Due of the date of settlement of Melbourne and the age of the buildings, it follows that 
this is an area where a high amount of buildings would have heritage overlay or listed status.  The heritage 
overlay / listed stock experienced higher rates of adaptation work than the non-listed stock in the research 
population.  Where overlays exist or listing occurs owners are required to heed requirements and obligations 
established by legislation in respect of the properties external appearance or materials used and /or also with 
regards building interiors in some cases.  The benefits of adapting heritage listed buildings are that the cultural 
and social values embodied within the building are retained for the wider benefit of the community (Ball 2002, 
Snyder 2005) and this is borne out in Melbourne.  
 
There are buildings dating from the 1840s which have been retained and are still in use in the CBD.  They have 
been subject to numerous adaptations in order to ensure that market needs are met over time.  They are highly 
regarded by tenants and owners and perceived to embody qualities such as a sense of history and quality and 
convey a sense of prestige and distinction to occupiers.  The heritage buildings tend to be smaller in size, use 
load bearing construction and have high thermal mass compared to more recently constructed modern framed, 
curtain walled structures.  Rather than open plan office space plan, older heritage buildings tend to have cellular 
office space, which would not appeal to some tenants requiring large open floor plates to accommodate staff. 
Heritage stock appeals to the high number of tenants requiring smaller sized office accommodation. 
Furthermore the configuration and construction of the buildings allows for the relatively straightforward 
integration of building services to deliver internal environmental conditions which meet current standards. 
Despite the fact that adaptations involving listed buildings can be more expensive than unlisted adaptations 
because of the additional costs involved in using traditional building materials, techniques and craftspeople 
(Bullen 2007), heritage stock is being adapted and occupied in the CBD.  The relationship between historic 
listing and age is that older stock is more likely to be listed as it becomes an increasingly rare commodity and 
therefore it is consistent that these property attributes would be associated in a factor.  The attribute historic 
listing relates to building age.  Age is a temporal attribute and there is a relationship between age and physical 
building condition; namely as time passes buildings become increasingly worn out with components requiring 
repair, replacement and renewal, whether the property is listed or not (a social attribute). 
 
Typical floor area is an attribute related to physical dimensions of buildings or size.  This attribute was loaded 
strongly in factor one. Kincaid’s (2002) study concluded that floor size in office buildings affected the degree of 
adaptability in a building and Arge’s (2005) study found that there is an optimum floor size for office 
adaptations.  Typical floor area covers the amount of floor area per floor typically provided within a building. In 
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this dataset the buildings with a floor area of 1300m² is the floor area with the highest frequency of adaptation. 
However the majority of buildings adapted have floor areas of 1300m²or less whilst the mode is 1311m² and 
the mean is 1097.84m².  In this study data was collected on the floor size of each building to experience an 
adaptation event.  Floor sizes were divided into small, medium, large and extra large categories for analysis.  
23.79% of all works occurred to buildings with a typical floor area of 700 m² or less (small), with 27.34% of all 
works to buildings with a medium typical floor area of 701-1178 m². Large Typical floor area adaptations (1179 
to 1345 m²) accounted for 20.32% of all works, with extra large typical floor areas of 1346 m plus accounting 
for 27.93% of works.  Floor size is an important consideration in adaptation with floors that are able to 
accommodate user needs and market demands most likely to have the capacity to be adapted.  It appears that 
owners and occupiers are able to adapt floors (and buildings) to suit changed needs regardless of size and that 
the Melbourne market has a more or less equal demand for all groups of floor sizes.  
 
6.2.2. Factor two - all adaptations - land 
In the rotated solution only one attribute is very strongly loaded on factor two, that of property location which is 
deemed an economic attribute in this analysis because of the correlation between location and property value 
and rental levels.  Previous studies considered the location of the building and how it affects adaptation 
(Kincaid 2002, Douglas 2006, Highfield 2000) as important in adaptations for workplaces.  The coding of the 
data is based on the location of the property and is ranked on a scale by the property market as either ‘prime’ 
location (the most expensive with highest rental levels and capital values) ‘low prime’, ‘high secondary’, ‘low 
secondary’ or a ‘fringe’ location (which has the lowest rental levels and capital values) in the Melbourne CBD. 
The interpretation of this factor is that buildings located in the best locations (prime and low prime) undergo a 
greater rate of adaptation.  This is a logical proposition; as properties in prime locations needed to be refreshed 
and maintained up to the highest market standards in order to retain the highest rental and capital values in the 
CBD area.  Conversely the properties in the fringe locations undergo less adaptation because the capital 
expenditure on the adaptation may not be recouped in increased rental yields or capital values.  When individual 
streets were analysed Collins Street, the prime office street in the CBD, had 27.74% of all adaptation works 
undertaken during the 11 year period reinforcing the hypothesis that location is important in adaptation.  
 
The literature universally noted that building location was an important criterion in adaptation (Bryson 1997, 
Swallow 1997, Kincaid 2000, Ball 2002, Remøy and van der Voordt 2006).  In the analysis the most activity 
(27.30%) occurred in the ‘low secondary’ zone but only marginally.  This was followed by ‘low prime’ (26.16%) 
and ‘prime’ (25.24%) supporting the hypothesis that buildings located in better areas undergo greater rates of 
adaptation.  Collectively 51.40% of adaptations occurred in prime CBD locations.  The least activity occurred in 
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the ‘fringe’ zone (8.78%) and the ‘high secondary’ zone (13.50%).  However these outcomes may be a result of 
the age of the buildings located in the different locational zones; that is to say, if the buildings in the ‘low prime’ 
area are mostly less than 19 years old then less adaptation will take place.  It appears that owners of stock in the 
‘low secondary’ zone have stock which requires adaptation to remain code compliant for continued occupation, 
whilst at the other end of the quality spectrum owners of the stock in the high quality locations account for half 
of all work indicating that pressure to maintain stock to meet the market expectations of the location.  In 
addition stock in the prime locations is more likely to be high rise and undergo a greater number of adaptation 
events over time.  When location and age are correlated in the data the adaptation in prime and low prime areas 
is overwhelmingly undertaken to buildings under 40 years of age, whereas adaptations in high and low 
secondary areas occurs across a wider age range of buildings and is more even.  
 
Other locational attributes such as proximity to transport identified by Ellison and Sayce (2007) as important 
environmental attributes did not have any variance because all buildings within the Melbourne CBD are within 
500 metres of public transport.  It is noted that in another situation with more heterogeneity regarding distance 
to public transport result from a PCA may be quite different. In addition the period 1998 to 2008 mostly 
predates the recent upsurge in environmental or sustainability related property attributes in Melbourne.  Other 
environmental attributes did not account for any variance in the PCAs.  
 
6.2.3. Factor three - all adaptations - amenity and flexibility  
The attributes ‘vertical services location’ and ‘existing land use’ are strongly loaded on factor three, with a third 
attribute ‘Property Council of Australia building quality grade’ loading less strongly.  Previous studies noted the vertical 
services location was an important adaptation consideration (Gann & Barlow 1996, Snyder 2005, Szarejko & 
Trocka-Lesczynska 2007).  Services cores in commercial buildings can be located centrally, offset towards the 
front or rear of the building or in dual/multiple locations.  Buildings with large floor areas tend to have their 
services cores in more than one location and this adds greater flexibility in space planning and sub-division of 
floor space (Arge 2005).  Conversely the least flexible location for the vertical services is at one end of a narrow 
plan floor plate, where sub-division of the floor is more challenging as valuable rentable floor space is given up 
for non rentable corridor space to provide access to the leased tenant spaces.  The vertical services location affects 
the ability to sub-divide the space, for example it affects how services can be delivered to various parts or areas 
of the building (Arge 2005).  In this dataset, 56.49% of all adaptations occurred to buildings with centrally 
located service cores which give the greatest amount of flexibility in the sub-division of floor plates (Arge 
2005).   
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Buildings having multiple services core locations accounted for 33.64% of all adaptations, confirming buildings 
with greater flexibility of layout undergo high rates of adaptation.  Where services are located elsewhere in the 
floor plate a far lower rate of adaptation takes place and account for 9.87% of all adaptations.  It follows that 
depending on the size of the floor plates and whether the demand is for large or smaller floor areas, the 
location of the services core can affect how easy and costly adaptation might be.  This is a design issue, with 
only major alterations having the potential to relocate vertical services cores.  Most adaptation projects have to 
work within the original configuration and location of services cores because the costs of relocating vertical 
services are extremely high.  The property attribute vertical services location is aligned with the flexibility potential 
of the building and was highly ranked by Arge (2005) in her office building adaptation study. 
 
Attribute two in factor three is existing land use which was categorised as either ‘office only’, ‘office and retail’, 
‘office and residential’, ‘office, residential and retail’ or ‘other’.  This research focused on adaptation to 
commercial buildings and only included buildings with other land uses where an office use co-existed.  A total 
of 52.84% of all adaptations occurred to buildings classed as ‘office building only’ with the second highest 
percentage of adaptation works occurring to buildings classed ‘office and retail’ land use (44.80%) with the 
remaining land uses such as ‘office and residential’, ‘office /residential and retail’, accounting for 2.37% of all 
adaptations.  Where a residential land use co exists with office land use, adaptation is much more complex as 
the needs of many individual home owners have to be taken into account in terms of building works which 
may affect them either directly or indirectly.  Furthermore the high rise office residential mixed land use is a 
fairly recent phenomenon in the Melbourne CBD and the few buildings currently existing are relatively recent 
and less likely to undergo adaptation.  
 
There is evidence that streets with more of an association to office land use undergo more adaptation than 
those associated with retail and office land uses.  For example Collins Street, the premier office location 
underwent 27.74% of all adaptation events from 1998 to 2008. A total of 59 streets were represented in this 
research population.  This is remarkable that a single street should account for such a high proportion of all 
work. Existing land use attributes are important in determining whether building adaptation is successful or 
otherwise (Arge 2005).  Existing land use affects the potential for a new or changed land use to some degree, for 
example, an office to a residential change of use.  In the period examined, only 51 adaptation events or 0.68% 
of total adaptation events involved a change of use it seems that despite changes in planning legislation to 
promote city centre living the costs of change of use from office to residential is prohibitively high in this 
market.  Furthermore the office vacancy rate for the period has been very low at around 8% which indicates 
relatively high demand and low supply issues.  In the Toronto market during the 1990s the high level of 
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vacancy in the office stock was 16% and rising and the office to residential change of use was a financially 
viable adaptation option (Heath 2001).  Remøy and van der Voordt’s (2007) study also noted very high levels of 
vacancy in offices encouraged change of use adaptations in the Amsterdam market.  The existing planning zone 
determines legally what is considered permissible development in a designated area and in this case the PCA did 
not identify the zoning variable as accounting for variance.  
 
Another way of examining existing land use is to investigate whether buildings are; a) purpose built for their 
current use or b) purpose built for commercial use.  Given that this research examines office buildings, 
buildings that were not purpose built for current use have undergone some change of use at some stage in their 
life. Within the dataset most buildings were purpose built for their current use (93.54%), with only 6.46% of 
buildings (51 in total) undergoing a change of use adaptation during their lifecycle.  These statistics reflect the 
CBD land use being commercially focused since settlement from the 1830s, where residential land uses were 
quickly replaced with commercial land uses.  
 
The replacement of buildings has been the default option in Melbourne rather than adaptation and reuse and 
therefore very few change of use cases feature in the dataset and with a median age of stock of 31 years it is 
understandable that such a high number of adaptations occur ‘within use’ rather than ‘across use’.  The 
buildings original use affects the ease of adaptation (Ball 2002, Kincaid 2002, Kucik 2005) and within the 
dataset most buildings are purpose built for commercial office uses (98.78%).  The CBD land use has been 
commercially focused since initial settlement where residential land uses were progressively replaced with 
commercial land uses.  In the last decade this trend has been reversed as the City of Melbourne supports 
residential development to create a 24 hours city.  Nine buildings (1.22%) had a non office previous use. 
 
In summary existing land use can be interpreted to mean that the existing land use is strongly correlated to a 
‘within use’ adaptation and that during the period 1998 to 2008 adaptations were most likely to sole office land 
uses, followed by office retail.  Given the changes in planning policy over the last decade and the introduction 
of more mixed use developments, it is anticipated that this favouring of single land use adaptations in 
Melbourne will change over time.  
 
The third attribute in factor three is Property Council of Australia building quality grade which can be interpreted as 
an economic factor.  Broadly associated with Property Council of Australia building quality grade is a building’s 
current value, investment value and yield. The economic goal or financial drivers of adaptation is to increase 
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value post adaptation, after construction and development costs are taken into account.  Adaptation has to be 
economically viable to be successful (Swallow 1997, Ball 2002, Highfield 2000, Kincaid 2002, Snyder 2005, 
Kersting 2006) and there has to be market demand to bring about economically viable adaptation.  Positive user 
demand was an important criterion in successful building adaptation (Ball 2002) and with the vacancy rates for 
offices being historically low during the period covered by this research; there has been positive user demand 
throughout the CBD.  However there is another way of interpreting Property Council of Australia building quality 
grade and that is a measure of building quality or building amenity levels.  
 
Depending on the condition of a building it is possible to increase the overall quality with adaptation (Boyd and 
Jankovic 1993, Isaacs in Baird et al. 1996, Swallow 1997, Snyder 2005, Kersting 2006).  Office building quality is 
measured in various ways but, generally and across all land uses, can be stated to be either provision of a greater 
number of amenity features, attributes and or a higher standard of services, features, fixtures and fittings.  In 
Australia offices are graded by the Property Council of Australia with Premium as the best quality and highest 
rental levels, with A, B, C and D grades having progressively less amenity and quality and less capital and rental 
values (Property Council of Australia, 2007).  It is possible to increase the office quality grade from one band to 
another and simultaneously increase the rental and capital value of the building.  Overall the results showed that 
buildings in the B grade were most likely to be worked on (27.26%), followed by ungraded stock (24.22%) and 
A grade stock (20.74%).  It appears that owners are most active in working on A and B grade stock.  Work to 
ungraded stock, that is buildings which fall below the lowest market ranking is likely to be in the form of 
building code compliance work.  
 
Premium stock ranked fourth and accounted for 12.86% of all adaptations and reflects the age and condition of 
this type of stock within the CBD.  It is worth noting that a quarter (24.22%) of all works occurred to offices 
which are not classed under the Property Council of Australia building quality matrix.  This stock is low quality; 
hence it does not achieve the standards required for inclusion in the Property Council of Australia building 
quality matrix and the adaptations here are likely to be focused on compliance issues.  There is a reasonable 
amount of stock, in the premium, A and B grades therefore which owners actively adapt in order to retain 
tenants and increase capital value.  The analysis shows that the C and D grade stock, which accounts for 
11.09% and 3.83% of work respectively accounts for the least amount of work and indicates that this is 
becoming, or it is already, the ‘Cinderella’ stock within the city.  It may be evidence that a two tier stock is 
emerging, with the Premium, A and B stock in the top tier and a widening gap with the C and D grade stock in 
the second tier.  
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6.3 Interpreting the PCA for ‘alterations’ adaptations (level 2) 
 ‘Alterations’ adaptations (level 2) include such measures as fit out of floors, partition alterations to existing 
tenancy’s, strip out of non load-bearing partitions and so on. Table 5.8 shows the factor solution for 
‘alterations’ adaptations (level 2). 
 
6.3.1 Factor one - ‘alterations’ adaptations (level 2) – physical and size 
 
Factor one for the PCA conducted for ‘alterations’ adaptations (level 2) contains five attributes, three of which 
are related to building size.  In section 6.2.1 above there is a discussion on the relationship between building 
size and adaptation.  In addition, this factor also contains the size variables ‘GFA’ (the highest loaded attribute 
in the factor) and height measured by the number of storeys; the second highest loaded attribute in this factor. 
Previous research noted building height was an important physical factor in adaptation (Povall & Eley in 
(Markus 1979), Gann & Barlow 1996) and with a greater number of size related attributes so highly loaded in 
factor one it appears that size is very important in the ‘alterations’ level adaptations.  
 
The highest loaded attribute in this factor was gross floor area (figure 6.2).  Buildings ranged from small to 
extremely large and were sized between 255m² to 310,047m².  Most adaptations occurred to buildings at the 
smaller end of the scale, for example only 9.98% of adaptations occurred to buildings sized between 100,001 to 
310, 047m² (figure 6.2).  Of all adaptations 60.71% occurred to buildings with a gross floor area of 50,000m²or 
less, with the remaining 29.31% occurring to buildings with a gross floor area between 50,001 and 100, 000m² 
(figure 6.2).  There is a much higher likelihood of adaptation occurring to the ‘smaller’ stock therefore.  Over a 
quarter (25.86%) of all level 2 adaptations were undertaken on buildings below 10,000m² gross floor area. 
 
The number of storeys was loaded second highest in factor one (figure 6.3).  When the number of storeys in a building 
is examined in the context of ‘alterations’ adaptations (level 2) it is clear that over half (56.41%) are to buildings 
under 20 storeys or low to medium rise stock.  Adaptations to high rise buildings (that is 21 to 45 storeys high) 
occurred 30.37%, with the remaining 13.21% occurring to sky-rise buildings of 46 storeys and above.  
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Figure 6.2 Gross floor area & ‘alterations’ adaptations (level 2). 
 
Figure 6.3 Number of storeys (height) & ‘alterations’ adaptations (level 2). 
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The third highest loaded attribute was degree of attachment to other buildings, the nature of which is discussed in 
section 6.2.1.  In the context of ‘alterations’ adaptations, the degree of attachment to other buildings is the most 
important property attribute.  The potential for lateral extension as an important attribute in office adaptation 
has been stated because it offered a greater flexibility for different adaptation options (Arge 2005); however the 
Melbourne CBD is almost entirely built out with little or no land on sites being available for lateral extensions 
and this attribute did not feature.  
 
The degree of attachment to other buildings on a site was found to be an important adaptation criterion elsewhere 
(Povall & Eley (in Markus, 1979), Isaacs (in Baird, 1996) because of the increased ease of construction and the 
delivery of materials.  In Melbourne, ‘alterations’ adaptations are mostly undertaken to detached buildings with 
a total of 471 events or 48.26% of ‘alterations’ adaptations (level 2) (figure 6.4) whilst the least amount of 
‘alterations’ adaptations (level 2) occur to buildings attached on three sides (9.01%).  This confirms that there is 
a preference towards adapting buildings which are not attached to others and which offer greater ease of 
delivery of construction materials (figure 6.4).   
 
Figure 6.4 Degree of attachment to other buildings and ‘alterations’ adaptations (level 2). 
 
Site access to the building is an important criterion in building adaptation (Povall & Eley 1979, Gann & Barlow 
1996, Snyder 2005, Kersting 2007, Remøy & van der Voordt 2005).  The reason is that contractors need to set 
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up site accommodation and deliver materials and equipment to the building during adaptation works.  The ease 
with which this can be accomplished affects cost and the duration of the adaptation project.  Furthermore site 
access to and from a building determines whether owners can undertake adaptation with occupants in situ.  This 
study noted whether a building has access to one or more sides in adaptation and found that in ‘alterations’ 
adaptations site access was strongly loaded on factor one and ranked fifth.  Furthermore it is noted that 
‘alterations’ adaptations being of a more minor nature will be undertaken with tenants in situ mostly (Douglas, 
2006).  
 
Buildings with very good levels of site access (street, side and rear access) are most likely to be adapted (41.08%), 
along with those buildings having site access from the street and side (24.24%) thereby supporting the assertions 
of previous studies in respect of accessibility (Povall & Eley in Markus 1979, Isaacs in Baird 1996).  Buildings 
with site access to all sides, and street and rear access are the least likely to be worked on (3.75% and 10.55% of 
all level 2 works respectively).  Buildings with site access from the street only had a reasonable amount of work 
(20.39%) undertaken and suggests that there is a reasonable amount of site access to these buildings for 
contractors. The results concur with previous studies in this respect.  The main difference between factor one 
in the ‘all’ adaptations PCA and the ‘alterations’ adaptation (level 2) PCA is the greater emphasis on physical 
dimensions and ‘size’ attributes and the number of variables loaded on the factor. 
 
6.3.2 Factor two - ‘alterations’ adaptations (level 2) – amenity and flexibility  
Factor two is named ‘amenity and flexibility potential’ and the attributes are existing land use, vertical services location 
and Property Council of Australia building quality grade.  These factor attributes have been discussed at length in 
sections 6.2.3 above and are the attributes in factor three of the ‘all’ adaptations PCA.  However the loading of 
the variables is different and indicates a greater emphasis on amenity in ‘alterations’ adaptations (level 2) than 
the ‘all’ adaptations results.  
 
Together these attributes cover the amenity or quality of the building. The Property Council of Australia building 
quality grade represents the building quality and is based on the excellence and speed of services within the 
buildings.  The location of the vertical services core also affects the ability to sub-divide the floor plans into 
different office layouts and or number of tenancies.  This ability to adopt different space plans relates to the 
degree of flexibility in the building – or flexibility potential which was highlighted by earlier research examining 
key adaptation criteria in office building adaptations (Arge 2005).  The results confirm that flexibility is an 
important attribute in adaptation; however in the Melbourne CBD flexibility is more important in respect of 
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floor plans than the ability to undertake lateral and or vertical extensions of the building.  Most sites in the 
CBD are totally built out with little or no potential to extend buildings laterally.  There is some potential to 
extend buildings vertically in Melbourne, subject to planning permission.  However this was not an important 
attribute in the PCA as very few adaptations involve vertical extensions in Melbourne.  
 
6.3.3 Factor three - ‘alterations’ adaptations (level 2) – land 
This factor contains two attributes ‘street frontage’, a measurement of the building’s width in metres and property 
‘location’.  Building width is an important criterion in adaptation, for example the Povall & Eley’s study in 
Markus (1979) established a benchmark for building width in adaptations and this was found to be true 26 years 
later (Arge 2005) and was grouped with other physical property attributes under the heading ‘generality’.  
Building width was an important aspect of office adaptation (Arge 2005) and in this dataset the mean width of 
the office buildings was 46.15 metres and the mode width was 62 metres.  Overall the stock in the study 
comprises building widths mostly in the lower range – up to 50 metres wide, although there are a few outliers in 
the upper range at 200 metres plus (figure 6.5). 
Figure 6.5 Street frontage and ‘alterations’ adaptations (level 2). 
 
It is apparent that particular building widths in the Melbourne CBD office market tend to be more frequently 
and easily adapted as found by Arge’s Dutch office study (2005), though it is asserted the preferred width will 
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be different to the Arge 2005 study because of the different building sizes and typologies adopted in the 
Australian CBD market.  When ‘alterations’ adaptations (level 2) are examined with relation to building width, it 
was found that 63.18% of all ‘alterations’ adaptations over the decade occurred to buildings of 40 metres width 
or less. Figure 6.5 shows adaptation numbers and building width.  It is clear that buildings with smaller width 
are more likely to be adapted and more amenable to adaptation.  
 
Property location has been discussed above (section 6.2.2) as an attribute associated with adaptation.  This study 
revealed that particular streets had much greater rates of adaptation than other streets depending on the 
location. CBD location is categorised on a scale from prime (the best and most expensive) to fringe (the least 
expensive).  The grouping of street frontage and property location reveals that CBD locations largely follow similar 
profiles in terms of ‘alterations’ adaptations and street frontage. Figure 6.6 shows the relationships between 
street frontage (building widths) and property location in level 2 adaptations.  
 
Figure 6.6 Number of ‘alterations’ adaptations (level 2) by street frontage & location. 
 
6.3.4 Factor four ‘alterations adaptations (level 2) - social 
For ‘alterations’ adaptations (level 2) – social, the final factor contained three attributes; historic listing, age and 
aesthetics and these attributes have been assigned the label ‘social’.  As discussed above (section 6.2.1) historic 
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listing is a social factor influencing adaptation.  Previous studies had identified historic listing as an important 
factor in adaptation.  Historic listing restricts owners in the scope and extent of any alterations or changes to a 
building (Ball 2002, Bullen 2007, Snyder 2005).  Owners are required to use identical materials and construction 
techniques to retain the authenticity of the building.  The extent to which they will be required to do this 
depends on the conditions of the listing.  Clearly there is a relationship between building age and historic listing – 
older buildings are more likely to become listed.  As buildings age they acquire greater rarity value as other 
examples are demolished or adapted beyond recognition.  
 
The third attribute, aesthetics, is also highly correlated with historic listing and age. Aesthetics is mentioned an 
important consideration in adaptation decision-making (Chudley 1991).  It is said that aesthetics are attributes 
that make a building attractive or pleasing.  Many authors have ascribed criteria to judgements regarding 
aesthetics such as massing, proportion, quality of materials, symmetry and asymmetry and so on and it is 
possible to make objective judgements with regards to buildings aesthetics based on the assessment of these 
criteria and others (Zunde 1989).  City planners make judgements in the process of historic listing by identifying 
certain buildings which they believe to be worthy of retention for the wider benefit of society.  These buildings, 
the planners assert, embody cultural and social qualities making them worthy of protection.  The qualities may 
relate to physical or stylistic attributes such as a building being a sole example of an architectural style.  
 
Clearly aesthetic taste changes and varies over time and it is the case that many buildings considered 
aesthetically pleasing in the 1950s and 1960’s are not currently considered in such high regard (Bullen 2007). 
However it is possible that tastes will change again and that the aesthetic quality of 1950s and 1960s buildings 
will appreciated and highly regarded again.  Generally older properties are more likely to be considered 
aesthetically pleasing, often the architects adopted well known and revered styles of classical and gothic 
architecture for their designs.  There is a view that familiarity with older classical styles of architecture gives rise 
to a wide spread liking for this type of property.  In the study each building was ranked by the researcher, using 
a five point likert scale, on the basis of objective aesthetics criteria identified by Zunde (1989).  
 
In this dataset, ‘alterations’ adaptations (level 2) showed those buildings which were ranked as being more 
attractive or aesthetically pleasing were more likely to undergo adaptation than those with less aesthetic appeal.  
In the data collection buildings with the highest number of Zunde’s (1989) aesthetic qualities were ranked one 
and those with the least were ranked five.  Figure 6.7 shows that building ranked one accounted for 25.91% of 
adaptations, with those ranked two accounting for the highest frequency of adaptation at 36.76%, middle range 
buildings accounted for 20.73% of works, with the lower ranking four accounting for 14.59% and the lowest 
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ranking buildings accounting for 2.02% of work.  It is concluded that with ‘alterations’ adaptations (level 2) 
more work occurs to buildings considered to be aesthetically pleasing and the result concurs with the findings 
of Ohemeng’s 1996 study of building owners (Ohemeng, 1996).  
 
Figure 6.7 Aesthetic qualities and ‘alterations’ adaptations (level 2). 
 
 
6.4 Interpreting the PCA for ‘alterations and extensions’ adaptations (level 4) 
This is the third PCA and table 5.14 shows the factor solution for the ‘alterations and extensions’ adaptations 
(level 4).  ‘Alterations and extensions’ adaptations (level 4) were those involving the most extensive works, 
short of demolition and rebuilding.  The highest number of adaptation events featured in this category 5290 
overall, illustrating that building owners of commercial office buildings were likely to engage in this type of 
adaptation more so than any other from 1998 to 2008.  That owners were prepared and did engage in this high 
level of adaptation is indicative of a extraordinary level of confidence in the Melbourne CBD market during this 
period; that is to say that there was a belief that ‘alterations and extensions’ adaptations would recoup the 
investment through higher rental yields, increased capital values and lower vacancy rates than if the building 
was either left un-adapted or adapted to a lesser extent.  
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6.4.1 Factor one ‘alterations and extensions’ adaptations (level 4) - physical and size 
This factor contains all of the attributes contained in factor one for the PCA to ‘alterations’ adaptations (Level 
2) and two of the three attributes in factor one for the ‘all adaptation levels’ PCA.  This indicates there is a very 
strong relationship between attributes that are most strongly correlated in ‘alterations’ adaptations (level 2) and 
‘alterations and extensions’ adaptations (level 4) despite the very different degree of adaptation work being 
undertaken.  
 
Where number of storeys (height) is concerned buildings were divided into low rise (up to 6 storeys), medium rise 
(seven to 20 stories), high rise (21 to 45 stories) and sky-rise (46 storeys and above).  Most ‘alterations and 
extensions’ adaptations occurred to medium rise (43.71%) and high rise (30.92%) buildings with low rise stock 
accounting for the least work (9.39%).  When gross floor area is analysed the results showed most work occurred 
to buildings under 50, 000m² (57.73%) and least to extremely large buildings (exceeding 100, 001m²).  
 
 Two additional attributes appear in factor one for ‘alterations and extensions’ adaptations (level 4); these being 
Property Council of Australia building quality grade and aesthetics.  This is interesting because the results illustrate that 
with more extensive (and also certainly most costly) adaptations the quality of the building (that is its Property 
Council of Australia building quality grade) and the appearance of the building are of far greater importance and 
influence and taken in account to a larger extent.  With ‘alterations and extensions’ adaptations (level 4), 
buildings which are more aesthetically pleasing undergo more adaptations as shown in figure 6.8. 
 
In terms of the percentage of ‘alterations and extensions’ adaptations (level 4) and aesthetics, buildings ranked 
highest (most aesthetically pleasing) accounted for most adaptation with least aesthetically pleasing buildings 
accounting for least adaptation (2.02%).  This profile is remarkably similar to the profile for level 2 adaptations 
noted in section 6.3.4 and indicates that the relationship between aesthetics and adaptation transcends the 
different levels of adaptation.   
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Figure 6.8 Aesthetic ranking and ‘alterations and extensions’ adaptations (level 4). 
  
In ‘alterations and extensions’ adaptations (level 4) stakeholders take into account the number of storeys and floor 
area, and number of storey’s which were noted as important physical factor in adaptation (Povall & Eley in (Markus 
1979), Gann & Barlow 1996).  Typical floor area covers the amount of floor area per floor typically provided 
within a building and relates to the physical dimensions of the buildings or size and this attribute was loaded 
very strongly in factor one.  A previous study concluded that floor size in office buildings affected the degree of 
adaptability (Kincaid 2002) and separate research found there is an optimum floor size for office adaptations 
(Arge 2005).  In the dataset, the mode typical floor area is 1311m² with 23.71% of all works occurring to buildings 
with a typical floor area of 700m² or less (small). In this study data was collected on the floor size of each building 
to experience an adaptation event and the results show that 27.11% of works occurred to buildings with a typical 
floor area of 701-1178m² or less (medium size) and 26.26% occurred to stock with a large typical floor area of 
1179-1345m² or less.  The remaining 22.89% of work occurred to buildings with extra large typical floor areas 
(1346m² plus). 
 
There is a relationship between Property Council of Australia building quality grade and building size, generally (all 
other attributes being equal) the larger the building the higher the Property Council of Australia building quality grade.  
This finding is confirmed as Property Council of Australia Premium, A and B grade stock has higher rates of 
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adaptation than Grade C and D stock.  Further examination of the data explored the type of adaptation by 
Property Council of Australia building quality grade (figure 6.9).  
 
Figure 6.9 Adaptations by Property Council of Australia building quality grade (all grades).  
 
Premium stock had more extensive work ‘alterations and extensions’ undertaken than any other works 
throughout the decade.  No change of use work occurred and the second most likely type of adaptation was 
‘alterations’ followed by ‘minor’ work.  It appears that owners of Premium stock almost always elect to 
undertake major adaptation work rather than any other type in an effort to maintain the market classification 
Premium.  
 
When A Grade stock is examined a similar profile emerges.  More extensive work ‘alterations and extensions’ 
(level 4) is undertaken than any other works throughout the decade.  No ‘change of use’ work occurred and the 
second most likely type of adaptation was ‘alterations’ (level 2) followed by ‘minor’ work.  It appears that 
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owners of A grade stock almost always elect to undertake major adaptation work rather than any other type in 
an effort to maintain the market classification ‘A grade’. 
 
With Grade B stock, the total amount of work undertaken is greater in number and some ‘change of use’ 
adaptation occurs.  Owners of B grade stock are either forced or perceive a higher return on their investment 
through changing from one use to another.  As with Premium and Grade A stock the preference is for 
‘alterations and extensions’ (level 4) thereby owners are instigating more substantial works in order to retain the 
level of quality within the building or possibly seeking to increase from a lower to a higher grade.  
 
With the grade C stock there is much less work done overall and the profile of work type is more similar to the 
grade B stock than the Premium or A stock.  Owners of C grade stock are less inclined to spend or invest on 
adaptation to improve the stock. C grade stock has the highest running costs per metre squared and represents 
a good opportunity to make reductions on greenhouse gas emissions through sustainable adaptation. 
 
Grade D stock which is the lowest quality of office within the Property Council of Australia office building 
quality matrix, has the least amount of work of all grades. As with B and C Grades, the profile of adaptation 
type is replicated, a minimal amount of change of use adaptation, mostly ‘alterations and extensions’ (level 4), 
followed by ‘alterations’ (level 2) and then ‘minor’ works.  However with D grade stock the main motivation of 
the owners is not to maintain quality and market position, but to avoid decreasing rental returns and to 
maintain code compliance. 
 
Finally degree of attachment to other buildings is included in this factor. Smaller low rise buildings tend to be attached 
on two sides, with the larger high rise stock more likely to be unattached to other properties.  As with previous 
studies, here the degree of attachment to other buildings affected the ease of adaptation and the attractiveness of 
adaptation (Kincaid 2002, Povall & Eley in Markus 1979, Isaacs in Baird 1996).  Detached buildings are easier 
to adapt externally as owners can get access to all elevations and represent 52.39% of all ‘alterations and 
extensions’ adaptations, whereas buildings attached on three sides underwent 8.26% of all adaptations.  Whilst 
internal adaptations are easier to carry out with detached or less attached buildings because owners can gain 
entry for materials and remove waste without disturbing or negotiating with neighbours.  The result of the high 
loading indicates that in practice this observation is found to be true; the degree of attachment to other buildings is 
important. 
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6.4.2 Factor Two ‘Alterations and Extensions’ Adaptations (Level 4) - land 
Factor two contains the identical attributes to the third factor in the ‘alterations’ (level 2) PCA; street frontage and 
property location (see discussion in section 6.3.3.) and has been named ‘land’ because the attributes are related to 
the land parcel.  When ‘alterations and extensions’ adaptations (level 4) are correlated with street frontage; 49.11% 
of all ‘alterations and extensions’ adaptations (level 4) over the decade occur to buildings of 40 metres width or 
less, this compares to 63.51% of ‘alterations’ adaptations (level 2) to buildings 40 metres wide or less. The 
majority of ‘alterations and extensions’ adaptations (level 4) or 71.17% occur to buildings 50 metres wide or 
less. Figure 6.10 shows ‘alterations and extensions’ adaptation numbers and street frontage.  It is noted that with 
‘alterations’ adaptations (level 2) there is a preference to adapt buildings with smaller width and these properties 
it appears, are either more versatile and or have greater flexibility to accommodate adaptation.  In this market, 
no ‘alterations and extensions’ adaptations occur to buildings with a width between 130 and 200 metres.  Where 
the vertical services location is reviewed there is a very strong preference for central locations (54.06%) of all 
‘alterations and extensions’ adaptations and multiple locations account for 35.02%.  Other locations for services 
cores accounted for only 10.92% of all ‘alterations and extensions’ adaptations.  
 
When property location is interpreted, many studies confirmed the importance of location in adaptation (Bryson 
1997, Swallow 1997, Kincaid 2000, Ball 2002, Remøy and van der Voordt 2006).  Property location has been 
discussed above (section 6.2.2) as an attribute highly associated with adaptation and this study revealed that 
particular streets, such as Collins Street, had much greater rates of adaptation than other streets.  CBD location 
is categorised on a scale from prime (the best and most expensive) to fringe (the least expensive) and figure 
6.11 below shows ‘alterations and extensions’ adaptations by property location.  The relationship between building 
width and location reveals buildings in low prime (27.03%), low secondary (25.75%) and prime (25.27%) 
locations are most likely to undergo adaptation, with those in fringe (8.53%), and high secondary (13.41%) 
locations least likely to be adapted at level 4.  The percentages reveal little difference between the top three 
locations for ‘alterations and extensions’ adaptations (level 4).  The results illustrate a two tier market operated 
in ‘alterations and extensions’ adaptations with most activity occurring in the top two locations (52.30%) and a 
quarter of ‘alterations and extensions’ adaptations activity occurring in the low secondary zone.  
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Figure 6.10 Street frontage (in metres) and ‘alterations and extensions’ adaptations (level 4) 
 
Figure 6.11 Property location and ‘alterations and extensions adaptations (level 4). 
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This indicates owners with buildings in the top two zones show a willingness to undertake major works to 
maintain the properties grading or position in the market, whilst those in low secondary were equally prepared 
to undertake extensive work to their stock.  These owners were motivated by a desire either to retain tenants 
and / or maintain rental yields and capital values.  
 
6.4.3 Factor three ‘alterations and extensions’ adaptations (level 4) – social  
The third factor in the ‘alterations and extensions’ adaptations PCA is labelled ‘social’, and contains two 
attributes historic listing and age in 2010.  These two attributes are present in the fourth factor for ‘alterations’ 
adaptations (section 6.3.4) and reflect similarities in the grouping of the attributes in the factors for the different 
levels of adaptation.  Clearly historic listing and age in 2010 are correlated; older buildings are more likely to 
become listed or to fall within a heritage overlay.  Many studies have confirmed historic listing affects adaptation 
(Ball 2002, Bullen 2007, Snyder 2005).  The most obvious impact is that certain restrictions are placed on 
owners with particular regards to the extent of work that may be undertaken and the materials which must be 
used.  Older buildings will undergo more adaptation as time passes and therefore it is not surprising to see age 
highly correlated with adaptation.  75.89% of works occurred to buildings not listed or having a heritage overlay 
and only 5.64% of works occurred to buildings of 18 years of age or less.  Many authors have discussed the 
correlation between time and obsolescence in buildings, illustrating that as time passes adaptation of some form 
is essential to prevent a decline which results in demolition (Baum 1991, Barras & Clark 1996).  
 
6.5 Unimportant attributes and untested attributes in the PCAs  
Following the completion of the three PCAs there were attributes which previous studies had identified as 
being important to building adaptation but which were either found to be a) not important in explaining 
variance in adaptation in Melbourne in the PCAs or b) not possible to test in the study.  These attributes are 
listed in Table 6.1 and represent a distinct difference to these research findings compared to earlier studies.  All 
research has limitations and in this case, the main limitation lies with the 20 attributes this research was unable 
to test, however given that 36 attributes were tested in the PCA the results are robust and representative of 
most adaptation attributes identified in the literature.   
 
Within economic attributes it was not possible to compare pre and post adaptation values, or to consider 
whether adaptation had been more economical than redevelopment or to consider reduced construction 
periods because the database did not contain this data. The type of tenure and whether the building was leased 
or owned was found not important in the PCAs. Physical attributes such as frame type, frame condition, and 
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potential for lateral and vertical extension were included in the PCAs but were found not important in 
explaining variance in adaptation. The remaining physical attributes such as floor to floor height, column grid, 
raised access floors and so on were not included in the database and therefore not possible to test. The 
locational attribute proximity to transport, the land use attribute planning zone and building classification had 
so much homogeneity that they did not manifest as important in the PCAs. The social attributes; hostile factors 
and stigma were not important in the PCA.  
 
Notably environmental attributes such as NABERS ratings, GreenStar ratings, Australian Building Greenhouse 
Rating (ABGR) and proximity to public transport were omitted and it is a reflection that environmental issues 
have become increasingly prominent with the advent of energy efficiency in the BCA in 2006 and the 
introduction of the rating tools from 2003 onwards.  As such there is not a long or established history of 
attaching importance to environmental attributes in building adaptations in Melbourne.   
Table 6.1 Unimportant and untested building adaptation attributes  
 
Attributes previous studies identified as important to building 
adaptation 
 
Not 
important in 
explaining 
variance in 
the PCAs 
 
 
Not 
possible to 
test  
 
Economic attributes 
 
Tenure type – whether the building is owner occupied or leased (Arge 
2005, Swallow 1997)  
x  
Whether the intention is to sell on or occupy (Swallow 1997) x  
Pre and post adaptation value (Chau et al. 2003, Ball 2002).   x 
More economic to adapt than redevelop (Campbell 1996, Highfield 
2000, Ball 2002, Douglas 2006, Shipley et al. 2006, Bullen 2007) 
 x 
Construction periods are reduced (Highfield 2000)  x 
 
Physical attributes 
  
Frame type (Kersting 2006, Povall & Eley 1979, Gann & Barlow 1996) x  
Frame condition (Kersting 2006, Povall & Eley 1979, Gann & Barlow 
1996). 
x  
Potential for vertical and lateral extension (Arge 2005) x  
Floor to floor height (Arge 2005).  x 
Column grid (Arge 2005).  x 
Floor strength (Kincaid 2002, Arge 2005).  x 
HVAC type (Arge 2005).  x 
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Suspended ceiling grid (Arge 2005).  x 
Raised access floors (Arge 2005).  x 
Flexibility and modularity (Arge 2005).  x 
Fire sprinkling (Arge 2005)  x 
 
Locational 
 
Proximity to public transport (Kincaid, 2002; Douglas, 2006;Highfield, 
2000). 
x  
Parking (Kincaid 2002, Ball 2002) x  
 
Land use 
 
Planning zones (Arge 2005, Swallow 1997) x  
Re-zoning potential (Heath 2001, Ball 2002)  x 
Occupational density (City of Melbourne 2005)  x 
 
Legal 
 
Occupation type (lessee / owner occupier) (Swallow 1997) x  
Building classification (BCA) (Ball 2002, Kincaid 2002) x  
 
Social 
 
Proactive policy making (Chudley 1981, Gann & Barlow 1996, 
Highfield 2000, Heath 2001, Ball 2002, Snyder 2005, Burby et al. 2006, 
Kersting 2006, Galvan 2006, Shipley 2006, Bromley et al. 2005, Burby 
et al. 2006). 
 x 
Hostile factors (Bullen 2007, Snyder 2005, Binder 2003, Kucik 2004) x  
Stigma (Binder 2003, Kucik 2004) x  
 
Environmental 
 
Environmental attributes (ratings) – GreenStar, NABERS, ABGR 
(Douglas 2006, BRE 2009) 
x  
Energy use pre and post adaptation (Douglas 2006, Cyril Sweet 
2007Johnson 1995, Bullen 2007 Binder 2003, David Langdon 2008, 
Arup 2008) 
 x 
Water use pre and post adaptation (BRE 2008, Green Building Council 
2009.) 
 x 
Presences of toxins pre and post adaptation (Douglas 2006, Boyd & 
Jankovic 1993:104, Ball 2002, Bullen 2007) 
 x 
Materials consumption pre and post adaptation (Douglas 2006, Boyd 
& Jankovic 1993:104, Ball 2002, Bullen 2007) 
 x 
Resource consumption pre and post adaptation (Douglas 2006, Boyd 
& Jankovic 1993:104, Ball 2002, Bullen 2007) 
 x 
Amount of pollutants pre and post adaptation (Douglas 2006, Boyd & 
Jankovic 1993:104, Ball 2002, Bullen 2007) 
 x 
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6.6 Conclusions  
Significantly, the grouping of the attributes is different from the earlier studies which have largely adopted a 
case study approach, relying on subjective opinions of individuals involved in the adaptation projects.  It is 
apparent that the relationships between the different attributes do not closely follow the categories established 
by previous studies such as environmental, economic and physical.  Table 6.2 illustrates the similarities between 
the three PCAs and the factor groupings.  The table illustrates similarities in the different PCAs. Interestingly 
age in 2010 is loaded highest in the PCA covering all adaptations, yet in the ‘alterations’ adaptations (level 2) and 
the ‘alterations and extensions’ adaptations (level 4) PCAs age in 2010 appears in the last factor for each, 
explaining the least variance.  
 
Table 6.2 Comparison of all PCAs and factor attributes. 
 
Factor 
number 
 
All adaptations 
All levels 
 
‘Alterations adaptations’ 
Level 2 
 
‘Alterations and 
extensions’ adaptations 
Level 4 
 
1 Physical and social 
 
Degree of attachment to other 
buildings 
Typical floor area 
Age in 2010  
Historic listing 
 
Physical and size 
 
Gross floor area   
Number of storeys 
Degree of attachment to 
other buildings 
Typical floor area 
Site access 
Physical and size 
 
Number of storeys 
Gross floor area  
Degree of attachment to 
other buildings 
Typical floor area 
Site access 
Property Council of Australia 
building quality grade  
 
2 Economic and land 
 
 
Property Location 
 
Amenity and flexibility 
potential   
 
Existing land use 
Vertical services location 
Property Council of 
Australia building quality  
grade 
 
Land 
 
 
Street frontage 
Property location 
Vertical services location 
 
3 Amenity and flexibility 
potential   
 
Vertical services location 
Existing land use 
Property Council of Australia 
building quality grade 
 
Land 
 
Street frontage 
Property location 
Social 
 
Historic listing 
Age in 2010 
Aesthetics 
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4  Social  
 
Historic listing 
Age in 2010 
Aesthetics 
 
- 
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Chapter Seven  
Predictive models. 
 
7.1  Introduction  
 
In this chapter, three predictive models and checklists have been developed based on the PAAM presented in 
chapter three (figure 3.1) and as a result of the interpretation of the three PCAs in chapters five and six.  Three 
predictive models are presented; one for the ‘all’ adaptations PCA, one for the ‘alterations’ (level 2) PCA and 
one for the ‘alterations and extensions’ (level 4) PCA.  PCAs were not undertaken for levels 1, 3 or 5 because 
either too few cases were available for a reliable PCA or the adaptations were so minor in nature or, in the case 
of demolition work, beyond the scope of adaptation.  
 
The intention is that the all adaptation levels PAAM would be used when an assessor wishes to make an overall 
assessment of the building’s general suitability for an adaptation.  The level 2 ‘alterations’ adaptation PAAM has 
been designed for an assessment of a building where an assessor is favouring a minor adaptation and wishes to 
appraise the suitability of the building in this respect.  Finally the level 4 ‘alterations and extensions’ adaptation 
PAAM is intended for an evaluation of a more major adaptation of a building to determine its fitness for this 
purpose.  
 
The models are presented and discussed to demonstrate their validity and relevance to professional practice.  
The interpretation of the PCAs has revealed that the property attributes in this study correlated differently to 
findings of previous adaptation studies.  The findings from these earlier studies were derived mostly from a 
limited number of case study exemplars using a qualitative approach to data collection which was largely based 
on questionnaire surveys and interviews.  It has become apparent that some decision-making models may 
assign unjustified weighting to attributes which do not have as much impact on adaptation as currently 
believed.  The purpose of the predictive model is to allow a relatively fast but accurate assessment to be made 
of the potential of a commercial building for adaptation and to alert users to risk areas with regards to potential 
adaptations.  
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7.2 Model for all adaptations   
This section of the thesis revisits Chudley’s (1981) model (figure 2.5) and the PAAM (figure 3.1) and presents a 
new model for practitioner’s use in the light of the results of the PCA.  Chudley’s model was complex, 
contained little detail and did not clearly categorise attributes and the initial PAAM modified the Chudley model 
by reducing complexity and made the model easier to comprehend (figure 3.1).  In addition, the PAAM 
incorporated more recent developments such as environmental sustainability in buildings.  The sequencing of 
the attribute groups in the PAAM such as ‘physical’ and ‘economic’ is based on the work of Chudley (1981) and 
others (Arup 2008, Kincaid 2002) as a logical means of evaluating different attributes in order of perceived 
importance.  The reason that Chudley (1981) and others (Kincaid 2002, Arup 2008) were unable to identify or 
weight the adaptation attributes they evaluated in their models in any order of importance was because this type 
of research had not been undertaken until now.  This research fills this gap in knowledge and as a result, the 
order of attribute groupings from most to least important that is; physical, social, economic, environmental and 
regulatory was tested in the PCA.  Chudley’s model is generic and is designed to apply to all adaptations as is 
the new model proposed in figure 7.1.  
 
Figure 7.1 presents the revised PAAM for ‘all’ adaptations and shows the amount of variance explained by the 
attributes in each factor on the far left hand side. At each stage of the evaluation, the assessor is referred to a 
more detailed set of questions relating to each property attribute within the factor.  For example, for the 
property attributes in stage 1 in figure 7.1, refer to figure 7.2 for the question for each attribute, after the 
evaluation of the building’s attributes return to figure 7.1 and move to stage 2 (factor 2) attributes and so on.  
At the end of each stage, where a building has very low or no adaptation potential, the model prompts 
consideration of other options such as mothballing the building, demolition and or redeveloping land, or finally 
leaving the land vacant.  
 
Figures 7.2, 7.3 and 7.4 allow the assessor to evaluate building for adaptation at ‘all’ levels through stages one to 
three.  After consideration of the questions within each stage of the assessment, the assessor is able to 
determine the potential for adaptation and whether it is worthwhile to proceed to the following stage of the 
model. 
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Figure 7.1 ‘All’ adaptations predictive PAAM 
 
                    Questions to be addressed                Actions to be taken 
  
Start here 
 
    
     
 
 
    
            Stage 1 
(57.17%) 
Go to figure 7.2. 
What is the physical 
and social potential 
of the building?  
  
 
None  
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. 
 
      
      
 Continue to stage 2      
      
      
      
            Stage 2 
(16.40%) 
Go to figure 7.3. 
What is the 
economic and land 
potential of the 
building?  
  
 
None  
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant.  
 
      
      
 Continue to stage 3      
      
      
      
            Stage 3 
(9.15%) 
Go to figure 7.4. 
What is the amenity 
and flexibility 
potential of the 
building?  
  
 
None  
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. 
 
      
      
 Make final 
preliminary 
assessment on 
adaptation potential  
    
      
 
Qualitative estimation of adaptation potential of each attribute is based on the percentage of occurrence 
derived from previous adaptations measured in the model.  For each property attribute, the percentages of 
occurrence are standardised between 0 and 1 and a grading score is allocated which can be; very high (0.81-
1.00), high (0.61-0.80), medium (0.41-0.60), low (0.21-0.40) or very low (0.00-0.20).  For example, for the 
attribute Property Council of Australia building quality grade (figure 7.7), the assessor poses the question; ‘what is the 
existing Property Council of Australia building quality grade?’  The possible answers are B (27.31%), ungraded (26.71), 
A (20.26%), C (12.71%), premium (9.40%) or D (3.48%) in order of the percentage of occurrence derived from 
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previous adaptations measured in the model.  These percentages are standardised and allocated a score as 
follows; 
 
Percentages;     P1=27.31, P2=26.71, P3=20.26, P4=12.71, P5=9.40, P6=3.48. 
– Step 1.  Identify highest value P1; 27.31 % = 1 
– Step 2.  Identify lowest value P6; 3.48 % = 0 
– Step 3.  Calculate the values for the intermediate answers using the equation;  
 Value – Minimum        26.71-3.48  =  23.23   = 0.98 
 Maximum–Minimum       27.31-3.48       23.83 
Standardised values; P1 =1, P2=0.98, P3=0.70, P4=0.39, P5=0.25, P6=0 
The scores for the Property Council of Australia building quality grade are; 
– Grade B Very high 
– Ungraded Very high 
– Grade A Medium 
– Grade C Low 
– Premium Low 
– Grade D Very low 
 
This standardisation approach is a useful qualitative aid to scoring the answers where there are more than two 
options.  Scoring two options remains subjective. 
The next step is to score each group of graded attributes within a factor and finally the overall building PAAM 
grading. Using case study 1 ‘alterations and extensions’ adaptations as an example (table 7.4); the table shows 
how the six attributes graded in factor one. There are two very low, three very high and one high grade. In 
effect the two very low and very high grades cancel each other out and the remaining overall grade for factor 
one physical and size is very high / high. The three factors are then evaluated to make an overall grade, in this 
case very high/high, very high and very high give a grade of very high on the basis that factor 1 accounts for 
44.86% of total variance and the remaining two factors account for 19.78% and 9.32% respectively (figure 
7.10). 
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The tables and figures in the first part of the chapter explain in detail to researchers and academics the 
workings of the predictive models and the interpretation and transition of the research into a working 
document.  In so doing the chapter illustrates how the work can be transferred into practice. The model begins 
with an investigation of a building’s physical and social attributes and the potential for adaptation.  Reference is 
made to figure 7.2 which asks specific questions relating to four key property attributes identified in the ‘all’ 
adaptations PCA.  Figure 7.2 is in a tabular form and with headings explaining the content of the columns.  
Firstly, each property attribute is weighted within the factor; the percentage is based on the loading of each 
property attribute within the factor and is derived from table 5.6.  For example, in figure 7.2 there are four 
attributes which were all strongly loaded on factor 1 in the PCA and which have more or less equivalent 
importance within the factor.  The second column lists the preliminary adaptation assessment question being 
posed.  Column three is headed grading scale and identifies a number of potential answers and their respective 
grading which is based on a statistical analysis of the adaptation database.  The possible answers and notes are 
found in column four to allow the assessor to attain a deeper understanding of the likelihood of resulting 
adaptation based on the analysis of the 7393 building adaptation events.  The final column has a space for an 
assessor to enter a result and grade selected.  For example, in figure 7.2 the first question posed relates to 
building age, in the results column the actual age is entered and the grading; if a building is 22 years old a 
grading of very high is awarded which represents very high suitability of an adaptation based on previous 
events.  
 
When the first factor attribute questions are completed and with consideration that these four attributes 
account for 57.17% of the variance in all adaptations (figure 7.1), the assessor determines whether it is 
worthwhile to proceed to factor 2.  For example, if a building is 42 years old, detached, not listed and has a 
typical floor area of around 1300 metres squared it is a very good candidate for adaptation based on previous 
experience analysed in this study and therefore worthy of continuation with the assessment. 
 
The PAAM for ‘all’ adaptations contains seven property attributes from the ‘all’ adaptations PCA; together 
these attributes explain 82.72% of the total variance in all levels of adaptations to all office buildings in 
Melbourne from 1998 to 2008 which are found in table 5.4.  The remaining variance of 17.28% is explained by 
the other property attributes in the PCA which were gross floor area, net lettable area, number of storeys and street 
frontage. 
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Figure 7.2 ‘All’ adaptations predictive model – factor one (physical and social). 
What is the physical and size potential of the building for adaptation? Start here, answer each question in turn. When 
complete return the next stage in figure 7.1. 
 
Weighting 
(% of factor 
variance) 
Question  Grading scale  
(outcomes in rank order) 
Notes Result and 
grade 
selected (e.g. 
very high – 
very low) 
 
26.77% 
 
What is the 
age of the 
building? 
 
1. 19-41 years. Very high. 
2. >42 years. Very high. 
3. <18 years. Very low. 
 
 
1. 19-41 years 
(70.06%). 
2. >42 years 
(22.74%).  
3. <18 years 
(7.18%). 
 
 
 
26.44% 
 
What is the 
degree of 
attachment of 
the building 
to other 
buildings?  
 
1. Detached. Very high.  
2. Attached on two sides. 
Medium. 
3. Attached on one side. 
Very low. 
4. Attached on three 
sides. Very low. 
 
1. Detached – 
(50.18%)  
2. Attached on two 
sides (25.40%) 
3. Attached on one 
side (15.42%). 
4. Attached on 
three sides 
(9.00%).  
 
 
 
24.63% 
 
Is there a 
historic listing 
or overlay 
relating to 
the 
building?  
 
1. No. Very high. 
2. Yes. Very low. 
 
1. Buildings without 
historic listing or 
overlay (76.21%).   
2. Buildings with 
historic listing or 
overlay (23.79%).  
 
 
 
22.16% 
 
What is the 
typical floor 
area? 
 
1. >1347m2   Very high. 
2. 701-1178m2 Very high. 
3. <700m2 Medium.  
4. 1179-1346m2 Very low.  
 
1. >1347m2 (27.93%). 
2. 701-1178m2 
(27.34%). 
3. <700m2 (24.38%).  
4. 1179-1346m2 
(20.32%). 
 
 
 
Total 100%     
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The economic and land factor (factor two in figure 7.1) explains 16.40% of variance in ‘all’ adaptations PCA 
and relates to property location.  The model shows that if the property location is low secondary, prime or low prime, 
there is the most and fairly equal likelihood of adaptation and a grading score of very high is awarded (figure 
7.3).  However if the location is fringe there is the least likelihood of adaptation and a score of very low is 
awarded. If the property location has good potential for adaptation, that is, the building is located in the low 
secondary, low prime or prime zones where 27.30%, 26.16% and 24.25% respectively of all adaptations 
occurred, the assessor moves to the third stage of this model. 
 
Figure 7.3 ‘All’ adaptation model – factor two (economic and land). 
What is the economic and land potential of the building for adaptation? When complete return the next stage in figure 7.1. 
 
Weighting 
(% of factor 
variance) 
 
Question  Grading scale  
(outcomes in rank order) 
Notes Result and 
grade selected 
 
100% 
 
What is the 
property 
location? 
 
1. Low secondary. Very 
high. 
2. Prime. Very high.  
3. Low prime. Very high. 
4. High secondary. Low. 
5. Fringe. Very low. 
 
1. Low secondary 
(27.30%).  
2. Low prime 
(26.16%).  
3. Prime (24.25%).  
4. High secondary 
(13.50%).  
5. Fringe (8.78%). 
 
 
 
 
The third factor in figure 7.1, ‘amenity and flexibility’ potential explains 9.15% of the total variance explained 
by attributes in the ‘all’ adaptations PCA and contains three attributes.  Figure 7.4 shows the percentage 
weighting of each property attribute based on the loading of each attribute within the factor drawn from the 
factor loadings in table 5.8.  The grading score for the highest weighted attribute within the factor, vertical services 
location, shows either a very low, medium or very high answer is possible.  The results showed that 56.49% of all 
adaptations occurred to buildings with centrally located service cores (which scores very high), whereas 
‘elsewhere’ accounted for only 9.87% of adapted buildings and is graded very low in figure 7.4. 
 
The existing land use question asks whether the land use is ‘office only’ or ‘office and retail’ or ‘other’. Office only 
adaptations accounted for over half of all works at 52.82% and office retail building adaptations represented 
44.79% of all works whereas ‘other’ land uses accounted for 2.37% of adaptation work.  On this basis 
adaptation potential is identified as very high for ‘office only’ and very high for ‘office and retail’ land use or 
very low for ‘other’ land uses.  
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Finally, this section of the model addresses the issue of Property Council of Australia building quality grade. Based on 
the analysis of all adaptations and Property Council of Australia building quality grade each category is ranked in order 
of likelihood of adaptation.  Grade B and ungraded stock was the most likely to be adapted overall and has a 
grade score of very high, whereas Premium and Grade C office stock attained a grade score of low.  Therefore, 
following this model if a building has a centrally located services core, is an office building only and is a Grade 
B it is highly likely to have good adaptation potential.  
 
Figure 7.4 ‘All’ adaptations predictive model – factor three (amenity and flexibility). 
What is the amenity and flexibility potential of the building for adaptation? Start here, answer each question in turn. When 
complete return the next stage in figure 7.1. 
 
Weighting (% 
of factor 
variance) 
Question  Grading scale 
(outcomes in rank order) 
Notes Result and 
grade selected  
 
39.86% 
 
What is the 
vertical 
services 
location? 
 
1. Central. Very high. 
2. Multiple locations. 
Medium. 
3. Elsewhere. Very low. 
 
1. Central location 
(56.49%) 
2. Multiple locations 
(33.64%)  
3. Elsewhere 
(9.87%). 
 
 
 
37.04% 
 
What is the 
existing land 
use? 
 
1. Office. Very high.  
2. Office /retail. Very 
high. 
3. Other. Very low.  
 
 
1. Offices (52.84%),  
2. Office/retail 
(44.80%), 
3.  Other (2.37%).   
 
 
23.10% 
 
What is the 
existing 
Property 
Council of 
Australia 
building 
quality grade?  
 
1. Grade B. Very high.  
2. Ungraded. Very high. 
3. Grade A. High.  
4. Premium. Low. 
5. Grade C. Low. 
6. Grade D. Very low.  
 
1. Grade B (27.26%)  
2. Ungraded 
(24.22%)  
3. Grade A (20.74%) 
4. Premium (12.86%) 
5. Grade C (11.09%) 
6. Grade D (3.83%)  
 
 
 
Total 100% 
 
    
 
Having evaluated each of the seven property attributes contained in the three factors a preliminary assessment 
of adaptation is possible based on attributes which collectively explain 82.72% of total variance in all 
adaptations.  
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7.3 Model for ‘alterations’ adaptations (level 2)   
The second predictive model shown in figure 7.5 is for the ‘alterations’ adaptations (level 2) and follows the 
same format as that presented for ‘all levels’ adaptations above (figure 7.1).  The model allows a preliminary 
evaluation of the potential for office buildings to undergo an ‘alterations’ type of adaptation based on the 
analysis of 1153 ‘alterations’ (level 2) building adaptation events from 1998 to 2008 in the Melbourne CBD as 
analysed in the ‘alterations’ (level 2) PCA.  The model contains four factors; a) physical and size, b) amenity and 
flexibility, c) land and d) social and legal.  
 
The model in figure 7.5 begins with a question about the factor which explains the most variance; an 
investigation of a building’s physical and size attributes.  The evaluation refers to figure 7.6  where five 
questions are posed relating to key property attributes identified in the ‘alterations’ adaptations (level 2) PCA 
which explained 42.27% of total variance in adaptations.  At each stage where a building has very low or no 
adaptation potential, the model prompts consideration of other options.  
 
 
Figure 7.5 ‘Alterations’ adaptations (level 2) predictive PAAM. 
                   Questions to be addressed                 Actions to be taken 
  
Start here.  
    
     
 
 
    
            Stage 1 
(42.27%) 
Go to figure 7.6. 
What is the physical 
and size potential of 
the building?  
  
 
None  
 
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. Consider 
mothballing, demolition and 
/or redevelopment or leave 
land vacant. 
 
      
      
 Continue to stage 2      
      
  
 
    
 
 
     
            Stage 2 
(19.68%) 
Go to figure 7.7. 
What is the amenity 
and flexibility 
potential of the 
building?  
  
 
None  
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. Consider 
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mothballing, demolition and 
/or redevelopment or leave 
land vacant. 
      
      
 Continue to stage 3     
      
      
      
            Stage 3 
(11.29%) 
Go to figure 7.8. 
What is the land 
potential of the 
building?  
  
 
None  
 
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. Consider 
mothballing, demolition and 
/or redevelopment or leave 
land vacant. 
 
      
      
 Continue to stage 4      
      
      
      
            Stage 4 
(8.84%)  
Go to figure 7.9. 
 
What is the social 
and legal potential 
of the building?  
  
 
None  
 
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. Consider 
mothballing, demolition and 
/or redevelopment or leave 
land vacant. 
 
      
  
Make final 
preliminary 
assessment on 
adaptation potential 
    
 
 
Figure 7.6 contains property attributes and the percentage of each attribute within each factor is based on the 
factor loadings in table 5.9.  This PAAM contains thirteen property attributes from the ‘alterations’ adaptations 
(level 2) PCA, which explain 82.08% of the variance in ‘alterations’ adaptations (level 2) to all office buildings in 
Melbourne CBD from 1998 to 2008.  
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Figure 7.6 ‘Alterations’ adaptations (level 2) predictive model - factor one (physical and size). 
What is the physical and size potential of the building for adaptation? Start here, answer each question in turn. When 
complete return the next stage in figure 7.5. 
 
Weighting (% 
of factor 
variance) 
Question  Grading scale 
(outcomes in rank order) 
Notes Result and 
grade 
selected 
 
22.15% 
 
What is the 
Gross Floor 
Area of the 
building? 
 
1. <50,000m2. Very high.  
2. 50,001-100,000m2. Very 
low. 
3.  >100,001m2. Very low.  
 
 
1. <50,000m2 
(60.71%). 
2. 50,001-100,000m2 
(29.31%). 
3. >100,001m2. 
(9.98%). 
 
 
22.06% 
 
What is the 
number of 
storeys in the 
building? 
 
1. 7-20 storeys. Very high. 
2. 21-45 storeys. Medium.  
3. >46 storeys. Very low. 
4. <6 storeys. Very low.  
 
 
1. 7-20 storeys 
(47.04%). 
2.  21-45 storeys 
(30.37%). 
3. >46 storeys 
(13.21%)  
4. <6 storeys (9.37%).  
 
 
18.65% 
 
What is the 
degree of 
attachment of 
the building 
to other 
buildings?  
 
1. Detached. Very high.   
2. Attached on two sides. 
Medium. 
3. Attached on one side. 
Very low.  
4. Attached on three 
sides. Very low.   
 
1. Detached (48.26%). 
2. Attached on two 
sides. (28.18%). 
3. Attached on one 
side (14.55%)  
4. Attached on three 
sides (9.01%). 
 
 
18.65% 
 
What is the 
typical floor 
area? 
 
1. 701-1178m2. Very high. 
2. <700m2. Medium. 
3. 1179-1346m2. Very 
low. 
4. >1347m2. Very low.  
 
1. 701-1178m2 
(31.08%). 
2. <700m2 (27.93%). 
3. 1179-1346m2 
(21.40%. 
4. >1347m2 (19.59%). 
 
 
18.49% 
 
What is the 
site access to 
the 
building?  
 
1. Street, side and rear 
access. Very high.  
2. Street and side access. 
Medium. 
3. Street only. Medium.  
4. Street and rear access. 
Low. 
5. Access all sides. Very 
low.  
 
 
1. Street, side and rear 
(41.08%). 
2. Side and street 
(24.24%).  
3. Street access only 
(20.39%).  
4. Street and rear 
access (10.55%).  
5. Access on all sides 
(3.75%).  
 
Total 100%     
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Figure 7.6 shows that the five attributes loaded on factor 1 are fairly equally weighted in terms of the 
percentage of the variance within the factor ‘physical and size potential’ for adaptation.  Each attribute, such as 
building Gross Floor Area and number of storeys, is reviewed in turn and the answer determines the potential for an 
‘alterations’ adaptation (level 2) based on previous adaptations of stock.  After all five property attributes are 
considered the evaluation either proceeds to stage two, an evaluation of factor 2 attributes or determines that 
mothballing, vacancy or redevelopment is a more favourable option at this point in time.  For example, if a 
building has a Gross Floor Area less than 50, 000 m2, is between 7 and 20 storeys high, is detached, with a large 
typical floor area (exceeding 1200 m2) and has street side and rear access the likelihood of it being highly 
physically / size suited to ‘alterations’ adaptation is very high and the assessment should continue to factor 2 
attributes. 
 
Factor two explains 19.68% of variance in ‘alterations’ adaptation (level 2) and relates to amenity and flexibility 
attributes; existing land use, vertical services location and PCA Grade (figure 7.7) where weighting of each 
factor is shown in the first column.  With ‘alterations’ adaptations the model shows that the question of existing 
land use should be addressed first followed by; where is the vertical services location within the building?  The third 
attribute is Property Council of Australia building quality grade. If the Property Council of Australia building quality grade is 
B, ungraded or Grade A there is a good chance, based on previous events that it will be suitable for adaptation, 
however if the grade is C or D it is less likely that it will be adapted.  Having evaluated the three attributes 
within factor two, the assessor is able to determine the potential for an ‘alterations’ adaptation and if it is good 
can move onto factor three (figure 7.8).  For example, if the building has an office only land use, centrally 
located vertical services, and is a Property Council of Australia Grade B office it has very high potential for 
‘alterations’ adaptation.  Conversely if the building is a mix of office and ‘other’ land use, such as residential, has 
its vertical services located to the side or rear of the building and has access to all sides it is unlikely to have 
high potential for ‘alterations’ adaptation. 
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Figure 7.7 ‘Alterations’ adaptations (level 2) predictive model - factor two (amenity and flexibility).  
What is the amenity and flexibility potential of the building for adaptation? Start here, answer each question in turn. When 
complete return the next stage in figure 7.5. 
 
Weighting (% 
of factor 
variance) 
Question  Grading scale 
(outcomes in rank order) 
Notes Result and 
grade selected  
 
40.28% 
 
What is the 
existing land 
use? 
 
1. Office only. Very high. 
2. Office /retail. Very 
high.  
3. Other. Very low.   
 
1. Offices (51.95%). 
2. Office/retail 
(44.35%). 
3. Other (3.70%).   
 
 
 
35.23% 
 
What is the 
vertical 
services 
location? 
 
1. Central. Very high. 
2. Multiple locations. 
Medium. 
3. Elsewhere. Very low. 
 
1. Central (61.29%). 
2. Multiple locations 
(30.54%).  
3. Elsewhere 
(8.17%). 
 
 
 
24.48% 
 
What is the 
existing 
Property 
Council of 
Australia 
building 
quality grade?  
 
 
1. Grade B.  Very high. 
2. Ungraded. Very high.   
3. Grade A. High.  
4. Grade C. Medium.  
5. Premium. Low.  
6. Grade D. Very low.  
 
1. Grade B (27.31%).  
2. Ungraded 
(26.71%). 
3. Grade A (20.26%). 
4. Grade C (12.71%). 
5. Premium (9.4%). 
6. Grade D (3.48%). 
 
 
Total 100% 
 
    
 
Factor three, labelled ‘land’, explains a total of 11.29% of the variance and comprises two attributes; the street 
frontage (building width) and the location of the property.  Street frontage is divided into four where each is scored 
on the basis of building width and previous adaptations . This property attribute is very important and weighted 
at 60.36% of the factor’s variance.  Property location is divided into five categories; prime, low prime, high 
secondary, low secondary and fringe.  Property located in the fringe area is least likely to be adapted.  To 
illustrate how the assessment is undertaken, for example, a narrow building in a fringe location would not score 
highly in this factor, whereas a medium width building located in the low prime area would score highly.  
Having assessed the two attributes a decision can be made to proceed to stage four if appropriate (figure 7.6). 
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Figure 7.8 ‘Alterations’ adaptations (level 2) predictive model - factor three (land) 
What is the land potential of the building for adaptation? Start here, answer each question in turn. When complete return the 
next stage in figure 7.5. 
 
Weighting (% 
of factor 
variance) 
 
Question  Grading scale 
(outcomes in rank order) 
Notes Result and 
grade selected 
 
60.36% 
 
What is the 
street frontage 
of the 
building? 
 
1. Medium width (20.01-
40.00 m). Very high. 
2. Extra wide (60.01-
201.25 m). Medium. 
3. Wide (40.01-60.00 m). 
Very low. 
4. Narrow width (< 20 
m). Very low. 
 
 
1. Medium width 
(52.43%). 
2. Extra wide 
(24.84%). 
3. Wide (11.96%)  
4. Narrow width 
(10.75%). 
 
 
 
39.64% 
 
What is the 
property 
location? 
 
1 Low secondary. Very 
high. 
2 Low prime. Very high. 
3 Prime. Very high. 
4 High secondary. 
Medium. 
5 Fringe. Very low.   
 
1. Low secondary 
(26.45%).  
2. Low prime 
(26.35%). 
3. Prime (25.53%). 
4. High secondary 
(14.19%). 
5. Fringe (7.45%). 
 
 
 
The final assessment stage in the ‘alterations’ model is factor four (figure 7.9).  Factor four accounts for 8.84% 
of the total variance and therefore the degree of importance attached the attributes in this factor is less than the 
three previous factors.  Factor four contains three attributes historic listing, age and aesthetics.  To complete the 
evaluation, it is necessary to ascertain whether the building has a historic listing or is subject to an heritage 
overlay.  If it is listed or has a heritage overlay, it is less likely that adaptation will occur as only 23.91% of 
adaptations were undertaken to heritage listed or heritage overlay buildings and a very low score is awarded.  
Within the factor, the heritage question is important and is weighted at 45.30%.  Secondly, the age of the 
building is determined. Age is weighted at 27.90% of the variance within the factor.  
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Figure 7.9 ‘Alterations’ adaptations (level 2) predictive model - factor four (social) 
What is the social potential of the building for adaptation? Start here, answer each question in turn. When complete return the 
next stage in figure 7.5. 
 
Weighting (% 
of factor 
variance) 
Question  Grading scale 
(outcomes in rank order) 
Notes Result and 
grade selected 
 
45.30% 
 
Is there an 
historic listing 
or overlay?  
 
1. No. Very high.   
2. Yes. Very low 
 
1. Buildings without 
heritage listing or 
overlay. (76.09%). 
2. Buildings with 
heritage listing or 
overlay (23.91%).   
 
 
27.90% 
 
What is the 
age of the 
building? 
 
1. 19-41 years. Very high. 
2. >42 years. Low. 
3. <18 years. Very low.  
 
 
1. 19-41 years 
(67.90%)  
2. >42 years 
(25.66%). 
3. <18 years (6.44%)  
 
 
 
26.80% 
 
What is the 
aesthetic 
quality of 
the 
building? 
 
1. Quite attractive. Very 
high.  
2. Very attractive. High. 
3. Neither attractive nor 
ugly. Medium. 
4. Not very attractive. 
Low. 
5. Very unattractive. Very 
low. 
 
1. Quite attractive 
(36.76%). 
2. Very attractive 
(25.91%) 
3. Neither attractive 
nor ugly (20.73%) 
4. Not very attractive 
(14.59%) 
5. Very unattractive 
(2.02%). 
 
 
 
Total 100% 
 
    
 
The last attribute, building aesthetics is weighted at 26.80% of the factor’s variance.  Buildings are graded on their 
aesthetic qualities; those that score very high for example ‘quite attractive’ are highly likely to be adapted, 
whereas those with few aesthetic qualities are least likely to be adapted and score low or very low.  The 
evaluation judgement is based on how far a building meets the criteria.  For example a building which is not 
listed, 34 years old and quite attractive will achive a high score with a good potential for adaptation.  On the 
other hand a property which is 10 years old, not listed and has few aesthetic qualities scores very low and is 
unlikely to be a suitable building for adaptation.  
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7.4  Model for ‘alterations and extensions’ adaptations (level 4).  
 
The final predictive model covering ‘alterations and extensions’ adaptations (level 4) is shown in figure 7.10 and 
follows the format in the preceding models.  Three stages of assessment relate to the three factors identified by 
the ‘alterations and extensions’ PCA.  The model commences with an assessment of physical and size 
attributes, the next stage is ‘land’ and finally ‘social’ attributes.  At each stage the potential for an ‘alterations and 
extensions’ (level 4) adaptation is evaluated.  Three factors explain 73.98% of the total variance in this type of 
adaptation, with the remaining 26.12% explained by other attributes and as shown in table 5.12.  Figure 7.10 
illustrates the main model, and for each factor a separate figure is provided to assess each attribute; for factor 1, 
2 and 3 refer to figures 7.11, figure 7.12 and figure 7.13 respectively.  
 
 
Figure 7.10 ‘Alterations and extensions’ adaptations (level 4) predictive PAAM                  
 
 
 Questions to be addressed 
 
                
Actions to be taken 
  
Start here.  
    
     
 
 
    
            Stage 1 
(44.86%) 
Go to figure 
7.11. 
What is the physical 
and size potential of 
the building?  
  
 
None  
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant.  
 
      
      
 Continue to stage 2      
      
      
      
            Stage 2 
(19.78%) 
Go to figure 
7.12. 
What is the land 
potential of the 
building?  
  
 
None  
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. 
 
      
      
 Continue to stage 3     
      
      
      
            Stage 3 
(9.32%) 
Go to figure 
7.13. 
What is the social 
potential of the 
building?  
  
 
None  
Consider mothballing, 
demolition and /or 
redevelopment or leave land 
vacant. 
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 Make final 
preliminary 
assessment on 
adaptation potential 
    
      
Figure 7.11 poses six questions relating to key property attributes identified in factor one of the ‘alterations and 
extensions’ adaptations (level 4) PCA.  The first attribute concerns the number of storeys in the building (height) 
and is weighted at 19.19% of the variance of factor one.  The second consideration is the gross floor area which is 
divided into three categories representing small, medium and large buildings. The third attribute is the existing 
Property Council of Australia building quality grade which is weighted at 16.46% of the factor.  The next attribute is 
the degree of attachment to other properties, weighted at 15.52% of the factor.  Typical floor area is the fifth attribute 
to evaluate and is divided into four categories.  The final attribute in factor one is site access, weighted at 14.76% 
and classified into five options with buildings having access on all sides being most likely to be adapted.  
Having answered the six questions relating to physical and size attributes, the results give a reliable indication 
whether the building has good potential for adaptation (figure 7.11).  After all questions have been answered, it 
is possible to determine whether to proceed to factor two or consider the other options.  For example, if a 
building has nine storeys, has a gross floor area of 30, 000 m2, is a Property Council of Australia Grade B office, 
is detached and can be accessed from all sides it has a very high potential for ‘alterations and extensions’ 
adaptation.  Conversely, if the building has less than six storeys, is a Property Council of Australia Grade D, is 
attached on three sides and has access from the street and rear only it has much lower potential for an 
‘alterations and extensions’ adaptation.  
 
Figure 7.11 ‘Alterations & extensions’ adaptations (level 4) predictive model - factor one (physical and 
size) 
What is the physical and size potential of the building for adaptation? Start here, answer each question in turn. When complete 
return the next stage in figure 7.10. 
 
Weighting (% 
of factor 
variance) 
Question  Grading scale 
(outcomes in rank order) 
Notes Result and 
grade 
selected 
 
19.19% 
 
What is the 
number of 
storeys in the 
building? 
 
1. 7-20 storeys. Very high. 
2. 21-45 storeys. High. 
3. >46 storeys. Very low.  
4. <6 storeys. Very low.  
 
1. 7-20 storeys (43.71%). 
2. 21-45 storeys 
(30.92%). 
3. >46 storeys (15.98%) 
4.  <6 storeys (9.39%).   
 
 
19.19% 
 
What is the 
gross floor 
area of the 
 
1. <50,000m2.  Very high.  
2. 50,001-100,000m2. 
Low. 
 
1. <50,000m2 (57.73%). 
2. 50,001-100,000m2 
(27.93%). 
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building? 3. >100,001m2. Very low.  
 
3. > 100,001m2. 
(14.35%). 
 
16.46% 
 
What is the 
existing 
Property 
Council of 
Australia 
building 
quality grade? 
 
1. Grade B. Very high. 
2. Ungraded. Very high.  
3. Grade A. Very high. 
4. Premium. Medium. 
5. Grade C. Low. 
6. Grade D. Very low. 
 
1. Grade B (27.42%).  
2. Ungraded (22.05%). 
3. Grade A (21.49%). 
4. Premium (14.09%). 
5. Grade C (11.05%)  
6. Grade D (3.90%).   
 
 
 
15.52% 
 
What is the 
degree of 
attachment to 
other 
buildings?  
 
1. Detached. Very high.    
2. Attached on two sides. 
Medium.  
3. Attached on one sides. 
Very low.  
4. Attached on three 
sides. Very low.   
 
1. Detached (52.39%). 
2. Attached on two sides 
(23.90%).  
3. Attached on one 
side– (15.05%).  
4. Attached on three 
sides – (8.26%). 
  
 
 
14.88% 
 
What is the 
typical floor 
area? 
 
1. 701-1178m2. Very high. 
2. 1179-1346m2. Very 
high. 
3. <700m2 Very low. 
4. >1347m2 Very low.  
 
1. 701-1178m2 (27.11%). 
2. 1179-1346m2 
(26.26%). 
3. <700m2 (23.74%). 
4. >1347m2 (22.89%). 
 
 
 
14.76% 
 
What is the 
site access to 
the 
building?  
 
1. Street, side and rear 
access. Very high. 
2. Street and side access. 
High. 
3. Street only. Low. 
4. Street and rear access. 
Low. 
5. Access all sides. Very 
low. 
 
 
1. Street, side and rear 
(40.96%). 
2. Street and side 
(27.00%). 
3. Street only access 
(15.65%). 
4. Street and rear access 
(12.62%). 
5. Access all sides 
(3.76%). 
 
 
 
Total 100% 
 
    
 
Factor two explains 19.78% of the total variance in ‘alterations and extensions’ adaptations (level 4), and 
comprises three attributes labelled ‘land’.  The attributes are street frontage, vertical services location and property location 
(figure 7.12).  The first attribute, street frontage, is weighted at 36.28% of factor two. Narrow buildings were least 
likely to undergo adaptation whilst medium width property was most likely to be adapted.   
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The next attribute, vertical services location is weighted at 35.26% of factor two. Centrally located services were 
most likely to be adapted, followed by multiple locations and ‘other locations’ at 10.92%. The final attribute in 
factor two is property location, weighted at 28.46%.  Low prime location was the most likely for adaptations 
followed closely by low secondary and prime, with those buildings in fringe locations least likely to be adapted.  
 
Figure 7.12 ‘Alterations & extensions’ adaptations (level 4) model – factor two (land) 
What is the land potential of the building for adaptation? Start here, answer each question in turn. When complete return the 
next stage in figure 7.10. 
Weighting (% 
of factor 
variance) 
 
Question  Grading scale  
(outcomes in rank order) 
Notes Result and 
grade 
selected 
 
36.28% 
 
What is the 
street frontage 
of the 
building? 
 
1. Medium (20.01-40 m). 
Very high. 
2. Extra wide (60.01-201.25 
m). High.  
3. Wide (40.01-60 m). 
Medium. 
4. Narrow (<20 m). Very 
low.  
 
 
1. Medium (37.79%). 
2. Extra wide 
(28.07%). 
3. Wide (22.83%)  
4. Narrow (11.32%). 
 
 
 
35.26% 
 
What is the 
vertical 
services 
location? 
 
1. Central location. Very 
high. 
2. Multiple locations. 
Medium. 
3. Elsewhere Very Low. 
 
1. Central (54.06%). 
2. Multiple (35.02%). 
3. Elsewhere (10.92%). 
 
 
 
28.46% 
 
What is the 
location of 
the 
building? 
 
1. Low prime. Very high. 
2. High secondary. Very 
high. 
3. Prime. Low. 
4. Low secondary. Low. 
5. Fringe. Very low. 
 
1. Low prime 
(27.03%). 
2. High secondary 
(25.75%). 
3. Prime (25.27%). 
4. Low secondary 
(13.41%). 
5. Fringe (8.53%). 
 
 
 
Total 100% 
 
    
 
When all questions are addressed the responses indicate the suitability for ‘alterations and extensions’ 
adaptation.  A narrow building in the fringe location with services located to the side of the property will score 
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very low and is unlikely to undergo adaptation, whereas a medium width property, with centrally located 
services in the low prime location would score high and be more likely to undergo adaptation based on 
previous experience. The next stage is to evaluate factor three attributes (figure 7.13) which explain 9.33% of 
the total variance and contain three attributes labelled ‘social’.  The first attribute, heritage listing is weighted at 
42.42% and is very important within this factor.  The second attribute building age is weighted at 32.58%.  
Buildings less than 18 years of age are very unlikely to undergo work, whereas property aged between 19 and 41 
years is very likely to have good potential for ‘alterations and extensions’ adaptations. 
 
Figure 7.13 ‘Alterations& extensions’ adaptations (level 4) predictive model - factor three (social)  
What is the social potential of the building for adaptation? Start here, answer each question in turn. When complete return the 
next stage in figure 7.10. 
 
Weighting (% 
of factor 
variance) 
 
Question  Grading scale 
(outcomes in rank order) 
Notes Result 
and 
grade 
selected  
 
42.42% 
 
Is there an 
historic listing 
or overlay 
relating to 
the 
building?  
 
1. No. Very High  
2. Yes. Very low.  
. 
 
1. Buildings without 
historic listing or 
overlay (75.89%).  
2. Buildings with 
heritage listing or 
overlay (24.11%).   
 
 
 
32.58% 
 
What is the 
age of the 
building? 
 
1. 19-41 years. Very high. 
2. >42 years. Low.  
3. <18 years. Very low. 
 
 
 
1. 19-42 years 
(72.89%).  
2. >42 years (21.47%).  
3. <18 years (5.64%). 
 
 
 
25.00% 
 
What is the 
aesthetic 
quality of 
the 
building? 
 
1. Quite attractive. Very high. 
2. Very attractive. Very high. 
3. Neither attractive nor ugly. 
Medium. 
4. Not very attractive. Low. 
5. Very unattractive. Very 
low. 
 
1. Quite attractive 
(35.78%).  
2. Very attractive 
buildings (29.47%).  
3. Neither attractive 
nor ugly (19.85%).  
4. Not very attractive 
(12.71%).  
5. Very unattractive 
(2.20%). 
 
 
 
Total 100% 
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The final attribute, aesthetics is weighted at 25% of the factor with more attractive stock having a greater 
likelihood of adaptation.  In summary for factor three, a listed building, over 42 years of age and very 
unattractive will score a very low grade, whereas an unlisted building, aged 25 years which is quite attractive will 
score a very high grade.  
 
7.5 Case studies     
 
The following section presents illustrative case studies to demonstrate the application of the PAAM in practice.  
After discussion and reflection it was determined that the model for the ‘all’ adaptation levels whilst useful is 
very general because of the various levels of adaptation possible.  On this basis case studies were undertaken to 
demonstrate the application of the PAAM to assess minor adaptation (‘alterations’ - level 2) and major 
adaptation (‘alterations and extensions’ - level 4) potential.  In order to enable a comparison to be made, the 
same building was assessed on its potential for ‘alterations’ adaptations (level 2) and ‘alterations and extensions’ 
adaptations (level 4).  Two very different buildings were selected for the case studies to test the robustness of 
the model and the checklist.  Building descriptions set the scene and are followed by a presentation of results 
and analysis.  
 
7.5.1 Case study one Holyman House Flinders Street   
7.5.2 Building description   
 
The property is a three storey bluestone warehouse constructed in 1858. At some stage a change of use 
adaptation occurred from warehouse to office land use.  The architectural style is Renaissance Revival style and 
Holyman House is considered a typical example of the conservative Classical style.  Renaissance style is a 15th 
Century revival of classical Rome, where the classical orders were perceived as a foundation for beauty and not 
a restrictive rule to be slavishly followed.  The architectural orders of classicism were applied as conventions for 
perfect proportion, based on a human scale.  In conforming to the general principles of symmetry, geometry 
and proportion, the Renaissance style is perceived to deliver visually pleasing buildings (see plate 7.1).  
Generally Renaissance Revival buildings are limited to around three storeys, as this is considered consistent 
with human proportions.  Holyman House compliments the neighbouring Customs House and is an integral 
part of the low streetscape along Flinders Street.  The Statement of Cultural Heritage Significance affirms that 
Holyman House is ‘a fine example of a city office building in the Renaissance Revival style, built of bluestone 
and with details that are severe in outline in keeping with the character of the stone.  The later alterations are 
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noted (National Trust of Australia (Victoria) 2010).  Holyman House was constructed for Mr Richard 
Goldsborough, a founder of the wool broking firm, Goldsborough, Mort and Company.  The building was 
Goldsborough’s first headquarters and his firm occupied these premises until 1864 when they relocated to 
Bourke Street.  The building was designed by John Gill who also designed Goldsborough’s next warehouse the 
Goldsborough Mort Building at 514-526 Bourke Street in 1862. 
 
Plate 7.1 Holyman House Flinders St Melbourne 
 
 
Holyman House is approximately 786 m2 and attached on one side only.  The vertical services are located 
centrally and there is no lift.  The building is not graded under the Property Council of Australia quality matrix. 
The building is perceived to be suffering some minor physical obsolescence and may require updating to attract 
long-term tenants.  There are currently two storeys vacant and for lease. Additionally, due to the property’s age 
and condition, it is unlikely that it can fully support a modern office environment, which may lead to the 
building suffering from technological obsolescence.  The internal condition of the property is considered below 
average to meet the expectations of the majority of tenants. Furthermore some mild wear and tear is visible 
throughout the inspected external and internal areas.  
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7.5.3 Building assessment for ‘alterations’ adaptation   
 
A PAAM checklist was used to assess the potential of the building for ‘alterations’ adaptations.  The checklist 
comprises four sections representing the four factors produced in the PCA.  For each factor the assessor 
records a result for each attribute according to the possible categories offered. For factor one, attribute (a) asks; 
what is the gross floor area of the building?  From figure 7.6 there are three options to select from and the assessor 
grade scores the answer where a result of 786m2 is scored ‘very high’.  The results are summarised and 
presented in table 7.1 which show both the data collected for each attribute and the assessment of adaptation 
potential.  Each factor is evaluated and a final overall evaluation is provided at the base of the table.  
Table 7.1 Case Study ‘alterations’ adaptation potential (level 2)  
– Holyman House Flinders Street  
  
 
Factor  
 
Attribute  
 
Data  
 
Results  
a) Physical and 
size  
a) What is the gross floor area? 786 m2 Very high  
b) What is the number of storeys in the 
building?  
3 Very low 
c) What is the degree of attachment to 
other buildings? 
Attached on two sides Medium  
d) What is the typical floor area?  262 m2 Medium  
e) What is the site access? Side and street Medium 
Physical and size result overall  Medium   
b) Amenity and 
flexibility 
potential  
a) What is the existing land use?  Office  Very high 
b) Where are the vertical services located? Central  Very high 
c) What is the existing Property Council 
of Australia building quality grade? 
Ungraded  Very high  
Amenity and flexibility result overall  Very high  
c) Land 
potential  
a) What is the street frontage of the 
building?  
23.14 m Very high  
b) What is the property location of the 
property? 
Fringe  Very low  
Land result overall   Medium  
d) Social 
potential  
a) Is there an historic listing or overlay 
relating to the building?  
Yes  Very low  
b) What is the age of the building?  152 years  Low  
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c) What is the buildings aesthetics like?  Very attractive  High 
 Social result overall   Low/very low  
Overall result   Medium  
 
Within factor one, physical and size, there is variation in the scoring within the five attributes from very low 
(number of storeys) to very high (gross floor area).  Using the approach previously described overall physical and size 
potential is ranked as medium to reflect this variation.  Factor two amenity and flexibility potential shows the 
building has very high potential for adaptation, with all three attributes scoring very highly, though factor two 
attributes account for 19.68% of total variance.  In factor three, land potential the result is medium with the 
poor location reducing the score.  Factor four examines the social potential for adaptation, and whilst there is 
variation in the three attributes examined overall a result of low/very low is noted.  Finally an assessment is 
made of the four factors to derive the overall potential of the building for ‘alterations’ adaptations.  Given the 
factor grades and the higher loadings of the first two groups of attributes, overall Holyman House is considered 
to have medium potential for ‘alterations’ adaptation. 
 
7.5.4 Building assessment for ‘alterations and extensions’ adaptation  
 
A PAAM evaluation checklist was used to assess the potential of the building for alterations adaptations and 
the summarised results are presented in table 7.2.  
Table 7.2 Case Study ‘alterations and extensions’ adaptation potential (level 4)  
– Holyman House Flinders Street 
 
Factor  
 
Attribute  
 
Data  Results  
1. Physical 
and size  
a) What is the number of storeys in the 
building? 
3 Very low  
b) What is the Gross Floor Area? 786 m2 Very high  
c) What is the existing Property 
Council of Australia building quality 
grade? 
Ungraded  Very high  
d) What is the degree of attachment to 
other buildings? 
Attached on two sides Medium  
e) What is the typical floor area?  262 m2 Very low  
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f) What is the site access? Side and street High  
Physical and size result overall  Medium/high 
2. Land 
potential. 
a) What is the street frontage of the 
building?  
23.14 m Very high  
b) What is the vertical services location? Central  Very high 
c) What is the property location? Fringe  Very low   
Land result overall  Very high  
3. Social 
potential  
a) Is there an historic listing or overlay 
relating to the building?  
Yes  Very low  
b) What is the age of the building? 152 years  Low 
Social result overall   Very low / 
low  
Overall result   High  
 
The results for the case study in table 7.2 show that overall Holyman House is considered to have a medium/ 
high  and very high potential across the first two factors for ‘alterations and extensions’ adaptation.  Within 
factor one physical and size, there is variation within the six attributes from very low (number of storeys) to very 
high (gross floor area), overall physical and size potential is ranked as medium /high to reflect the balance of the 
grading scores.  Factor two land potential shows the building has very high suitability for adaptation, with two 
of three attributes scoring very highly, and accounting for 19.78% of total variance.  Factor three covers the 
social potential for adaptation, and with the two attributes scoring very low and low, overall a result of very 
low/low is recorded.  Finally, an assessment is made of the three factors together to derive the overall potential 
of high for ‘alterations and extensions’ adaptations.  
 
Once the data are collated it takes around twenty minutes to input the results and reach an assessment of the 
preliminary adaptation potential of a building using the PAAM and checklist, with the only the most important 
attributes evaluated.  Furthermore relative areas of strength and weakness are highlighted for stakeholders and 
users to consider in decision-making.   
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7.5.5 Case study two 447 Collins Street   
 
7.5.6 Building description  
 
447 Collins Street is a 27 storey purpose built office tower constructed between 1960 and 1965 (Land Victoria, 
2010a).  The building occupies a low prime location on the Melbourne CBD’s best street. It is referred to as the 
best site in the CBD because of the large area of open space, the plaza, directly in front of the building which 
offers great infill development potential (Land Victoria, 2010a, 2010b). The building is located upon 6,394 m2 
site, with frontages of 70.9 metres to the north and south, and 90.2 metres on both east and west sides.  The 
building is some 93 metres high and is constructed using a concrete frame with wrap around marble clad 
balconies to all elevations (see plate 7.2).  The architectural style adopted is known as the International style 
which was popular at the time.  It is perceived to be a ‘bland’ and bulky style example of the International style 
and is not listed on the National Trust as being of architectural merit.  It was originally known as the National 
Mutual Plaza and later the AXA building. A three level podium faces onto Flinders Lane with an entrance to 
one of Melbourne’s earliest underground car parks.  Five additional storeys were added in 1982-1983.  447 
Collins St has approximately 30,737 m2 of Net Lettable Area and 300 underground car parks (City Scope, 
2010).  
 
The 45 year old building is displaying some minor defects, however most of these are internal and superficial, 
and do not affect the structural elements of the building.  A series of within use ‘alterations’ adaptations have 
taken place during the building’s lifecycle; the most recent was completed on the upper levels during 1999-2001 
(City Scope, 2010).  The building is now perceived to be suffering some physical obsolescence, and may require 
updating to attract long-term tenancies.  Additionally, due to the property’s age, it is unlikely that it can fully 
support a modern office environment, which may lead to the building suffering from technological 
obsolescence.  The internal condition of the property is considered average – above average upon the basis of 
age, and the condition reported as at the date of inspection.  Mild wear and tear is visible throughout the 
inspected areas, with particular weathering evident on the exterior of the property.  The presence of asbestos a 
deleterious material is known, however the extent, location, type, age and condition of the materials is 
unknown.  The site is not registered on the Environmental Protection Agency’s ‘Priority Site Register’ 
(Environmental Protection Agency, 2010). 
 
The inspected structural elements of the property are in sound condition, with only minor chips evident on the 
columns found in the loading dock area.  As with many CBD office buildings of that era, the greatest risk faced 
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by 447 Collins is its ability to attract and retain quality long-term tenants. Significant works would be required 
to bring the building back towards an ‘A’ Grade building.  However, the site is in a low prime location and if 
economically viable, would provide a significant opportunity for redevelopment or extension of the existing 
building, which may allow it to attract tenants and command high market rental levels. 
 
Plate 7.2 National Mutual Building 447 Collins Street Melbourne circa 1965. 
 
 
 
7.5.7 Building assessment for alterations’ adaptation  
 
A PAAM checklist was used to assess the potential of the building for ‘alterations’ adaptations and the results 
are presented in table 7.3 which show both the data collected for each attribute and the assessment of 
adaptation potential.  Each factor is evaluated and a final overall evaluation is provided at the base of the table.  
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Table 7.3 Case Study ‘alterations and extensions’ adaptation potential (level 2)  
– 447 Collins Street.  
Factor  Attribute  Data  Results  
1. Physical 
and size 
potential.  
a) What is the Gross Floor Area? 26241 m22 Very high  
b) What is the number of storeys in the 
building? storeys 
27 Medium  
c) What is the degree of attachment to 
other buildings? 
Detached Very high  
d) What is the typical floor area?  1689 m22 Very low  
e) What is the site access? All sides Very low  
Physical and size result overall  Medium  
2. Amenity 
and flexibility 
potential  
a) What is the existing land use?  Office /retail Very high   
b) What is the vertical services location? Elsewhere   Very low  
c) What is the existing Property Council 
of Australia building quality grade? 
B Very high  
Amenity and flexibility result overall  Very high  
3. Land 
potential  
a) What is the street frontage of the 
building?  
40.00 m Very high  
b) What is the property location? Low prime  Very high   
Land result overall   Very high 
4. Social 
potential  
a) Is there an historic listing or overlay 
relating to the building?  
No   Very high  
b) What is the age of the building?  35 years  Very high   
c) What is the buildings aesthetics? Not very attractive  Low  
 Social result overall   Very high  
Overall result   High 
 
Within the factor one physical and size, one attribute was ranked medium, two attributes were very high and 
two were very low.  Overall physical and size potential was ranked as medium, though because it accounts for 
42.27% of variance this was taken into account for the final overall score.  Factor two amenity and flexibility 
potential shows the building has very high potential for adaptation, with two of three attributes scoring very 
highly and in factor three, land potential, the result is very high.  Factor four examines the social potential for 
180 
 
adaptation, and whilst there is some variation in the three attributes examined overall a result of very high is 
recorded.  Finally an assessment is made of the four factors to derive the overall potential of the building for 
‘alterations’ adaptations.  447 Collins Street shows high potential for ‘alterations’ adaptation.  
 
7.5.8 Building assessment for ‘alterations and extensions’ adaptation  
 
A PAAM checklist was used to assess the potential of the building for alterations adaptations and the 
summarised results are presented in table 7.4. 
Table 7.4 Case Study ‘alterations and extensions’ adaptation potential (level 4)  
– 447 Collins Street.  
Factor  Attribute  Data  Results  
1. Physical 
and size 
potential  
a) What is the number of storeys in the 
building? 
27 High  
b) What is the Gross Floor Area? 26241 m2 Very high  
c) What is the existing Property Council 
of Australia building quality grade? 
B Very high  
d) What is the degree of attachment to other 
buildings to other buildings? 
Detached Very high  
e) What is the typical floor area?  1689 m2 Very low  
f) What is the site access? All sides Very low   
Physical and size result overall  Very high/high 
2. Land 
potential  
a) What is the street frontage of the 
building?  
40.00 m Very high  
b) What is the vertical services location? Elsewhere  Very low  
c) What is the location of the building? Low Prime Very high 
Land result overall  Very high  
3. Social 
potential  
a) Is there an historic listing or overlay 
relating to the building?  
No   Very high 
b) What is the age of the building? 35 years  Very high   
c) What is the buildings aesthetics? Not very attractive  Low  
Social result overall   Very high 
Overall result   Very high   
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The results show that overall 447 Collins Street is considered to have a consistently very high potential across 
all three factors for ‘alterations and extensions’ adaptation.  Within factor one physical and size, there is little 
variation within the six attributes with four scoring very high.  Overall physical and size potential is ranked as 
very high/high.  Factor two land potential shows the building has very high potential for adaptation, with two 
of three attributes scoring very highly.  Factor three covers the social potential for adaptation and an overall 
result of very high is recorded.  Finally an assessment is made of the three factors together to derive the overall 
potential of the building for ‘alterations and extensions’ adaptations.  447 Collins Street is shown to have a very 
high potential for ‘alterations and extensions’ adaptation.  
 
7.6 Conclusions    
 
During the initial investigation of adaptation options stakeholders will be able to use the models to determine 
overall potential whilst focussing at the outset on the property attributes which account for most variance in 
adaptation.  With this approach property attributes which do not account for variance in adaptation are not 
taken into account.  The consideration of unimportant attributes is an issue with existing decision making tools 
which either considered all attributes equally or ascribed weightings based on expert opinion and or a limited 
number of cases (Bullen and Love 2011, Remøy and van der Voordt 2007, Arge 2005, Chudley 1981, Langston 
et al. 2007, Kincaid 2002, Arup 2008).  In this respect the models represent an original approach and 
contribution to knowledge and an important step forward in the decision-making process where adaptation is 
being considered as an option.  This chapter presented three predictive models to evaluate the potential of 
commercial office buildings for adaptation based on a decision model derived from the literature presented in 
chapter two.  A simple weighted model based on extensive and intensive analysis of 7393 building adaptation 
events in the Melbourne CBD between 1998 and 2008 is presented as a means of assessing initial adaptation 
potential.  The intention of the predictive adaptation models is to facilitate an initial determination of the 
suitability of an office building for either; a) adaptation per se, b) an ‘alterations’ adaptation (level 2) or c) an 
‘alterations and extensions’ (level 4) adaptation.  The models facilitate a relatively fast and deeper understanding 
of the adaptation potential of a building and highlight the important property attributes which are likely to 
present issues for the stakeholders.  
 
The chapter has demonstrated via the two illustrative case studies how the PAAM operates in practice and the 
considerations that need to be undertaken at each step.  For each factor in the three predictive models, possible 
answers are proposed based on the attributes to illustrate how the model can determine very high to very low 
adaptation potential in a building.  Future research will develop the predictive models further to produce 
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quantitative outcomes with user guidelines.  The models presented require an assessment of each attribute 
within each factor as shown in the case studies.  The degree of importance of each factor and each attribute 
within each factor is provided in the models.  The final results for each case study were different to one another 
for each adaptation level and reflect the differing potential within each building and across the two levels of 
adaptation. Each predictive model is based on the analysis of 7393, 1153 and 5290 adaptation events 
respectively and therefore the results are based on a detailed study of building adaptation of a magnitude not 
previously undertaken.  Finally the three models explain 82.71%, 82.09%, and 73.98% of variance in 
adaptations respectively. 
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Chapter Eight  
The relationship between building adaptation and property attributes. 
 
 
8.1 Introduction 
 
This research has presented three predictive models for the preliminary assessment of office buildings for 
adaptation potential. The PAAM are initially grounded in the theoretical frameworks and research presented by 
Chudley (1981) and others (Ohemeng 1996, Kincaid 2002, Arup 2008, Langston, 2007). The models were then 
modified and refined in the light of the results of the PCAs which analysed multiple office building adaptations. 
The PAAM checklists used to undertake the illustrative case studies presented in chapter seven assist in the 
understanding of the model and provide a weighted decision-making tool which focuses on property attributes 
which were shown to account for most variance in building adaptation. The PAAM will be most useful to non 
professionals who are charged with making some initial decisions relating to the potential of existing building 
for adaptation.  Given the substantial amounts of expenditure related to building adaptation; 71% of 
investment is used for upgrading and maintenance, the reduction in risk exposure using the model will be 
significant (Department of Environment, 2008).  In following the model and using the PAAM checklist in 
appendix three, assessors will be able to make informed decisions about the adaptation potential of an office 
building. The PAAM applied to office buildings only.  
 
8.2  Initial deductions  
 
8.2.1 The need for the research 
  
Given the increased importance of action to mitigate global warming and climate change, together with the 
acknowledgement of the significant contribution made by buildings, there is a move to retrofit and adapt 
existing stock (Stern 2006, Garnaut 2008). Buildings contribute around half of all greenhouse gas emissions and 
therein lay the potential for substantial reductions (UNEP 2006, Ngowi 2000). Whilst residential buildings are 
believed to contribute around 25% of all greenhouse gas emissions, office buildings make a substantial 
contribution of 12% in Australia.  Adaptation is inherently sustainable as the process involves use of existing 
embodied energy, less material use (resource consumption), less transport energy, less energy consumption and 
less pollution during construction (Johnstone 1995, Bullen 2007).  Adapting and thereby upgrading the 
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performance of existing buildings is the most critical aspect of improving sustainability of the built 
environment so much so that the ‘challenge of achieving sustainable development in the 21st century will be 
won or lost in the worlds urban areas’ (Newton & Bai 2008:4). 
 
There is significant building adaptation expenditure in developed nations, with more work is undertaken on 
adaptation than new build in the United Kingdom (Ball 2002, Egbu 1997).  The amount of work to existing 
Australian buildings is substantial; with an estimated value of the built environment in 2004 of $1,705.4 billion. 
17.84% of all construction work undertaken from 1991 to 2001 was on existing buildings (Australian Bureau of 
Statistics 2006). Furthermore with $267 billion of new commercial property to be constructed before 2018, the 
physical, economic and environmental performance gap between new and old stock looks set to increase 
thereby increasing the need for adaptation (Romain 2008). The amount of annual expenditure on building 
adaptation in Australia demonstrates the importance of adaptation to commerce, not only in the past but 
increasingly so into the future. 
 
The link between the theory relating to the concepts of building lifecycles, highest and best use theory, building 
obsolescence theory and building performance theory showed how each interacts and how buildings decay over 
time. In other words, buildings have finite lifecycles based on the physical characteristics of the materials from 
which they are constructed, however because the property market is predicated to the highest and best use 
overtime a change of use or adaptation to enhance characteristics may be required. At the same time it is also 
possible that the building may be subjected to economic or social obsolescence for example, consider video 
rental shops which were superseded by DVD retail outlets which are now becoming obsolete as their 
customers download directly via the internet.  Concurrently it is also possible that due to changes in either 
building legislation and user levels of comfort the performance of a building may be affected adversely, thus 
triggering a requirement for adaptation. Obsolescence may result for reasons outside the control of the owner 
and premature obsolescence is a risk owners have to manage to protect their asset value and return on 
investment. Avoidance of obsolescence may come through building adaptation either within or across use. 
There is a considerable body of work relating directly to building lifecycles, building obsolescence theory and 
building performance which emphasises the need for building adaptation (Nutt et al. 1976, Baum 1991, Brand 
1994, Barras & Clark 1996, Preiser 2005, Douglas 2006). 
 
The literature review in chapter two attended to some of the key issues contained in the first and second 
research questions set out in chapter one section 1.4.3 and 1.4.4, which was to identify the important criteria for 
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undertaking  effective decision-making involving the adaptation of existing office buildings.  A number of key 
studies were used to ascertain the attributes considered important and of consequence with regards to building 
adaptations (Bromley et al 2005, Bullen 2007, Ball 2002, Arge 2005, Kincaid 2002, Kersting 2006, Remøy and 
van der Voordt 2006, Douglas 2006). Building related attributes for adaptation were grouped under the 
headings; economic, physical, land use, legal, and location, social and environmental attributes. The 
complexities of decision-making with regards to adaptation were stated, with reference to the multiple decision 
makers at one level and then the variability and bias in assessors and decision makers which further clouded the 
issue (Kempton 2004, Kincaid 2002).  The issue of whether expert based or non expert based models are more 
appropriate was discussed with arguments for and against both approaches largely centred on the time involved 
and the cost implications of using the tools. Finally the issue of weighting of decision factors to acknowledge 
the importance of one or more factors over others was discussed with the deduction that most existing tools 
used weightings based on qualitative subjective judgements rather than quantitative data. The comparison of 
subjective judgement with objective judgment based on quantitative data is an important issue and one of 
philosophy. Without entering an extended philosophical debate on epistemology and the relative merits of 
positivism and empiricism, it is hard to see in practice how the subjective element can be removed from any 
considerations in respect of property decisions (Knight & Ruddock 2008). Furthermore it is the case that the 
subjective judgement and the perceptions of stakeholders may in many cases have a significant influence on the 
decision-making process concerned with property choices, however such matters lie beyond the scope of this 
study.      
 
The literature review revisited and analysed previous research in the fields of building lifecycles, building 
obsolescence, building performance and building adaptations. The individual and collective contributions and 
limitations of previous research has been identified and discussed. The main objective of the literature review 
chapter was to present a critical review of previous research clearly and concisely, laying a solid foundation on 
which this study was based. This goal was realised by revisiting earlier studies, all of which contributed in their 
own unique manner to this topic area. The literature review set the foundations on which the research was 
further developed to analyse building adaptation in the Melbourne CBD by identifying the relevant property 
attributes which affected the amount and scope of adaptation events.   
 
8.2.2 The research approach  
 
The research adopted a Principal Components Analysis (PCA) which is a powerful tool for reducing a number 
of observed variables, such as building adaptation attributes, into a smaller number of attributes that account 
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for most of the variance in the dataset (Tabachnick & Fidell 2001). It is especially useful when a data reduction 
procedure that makes no assumptions about underlying causal structure is required; as in this study. The results 
of the PCA made it possible to propose an index of factors that are of most importance to building adaptation 
based on the experiences on CBD adaptations from 1998 to 2008. The research is quantitative, sharing the 
characteristics of quantitative research set out by Silverman (1997).   In order to answer the research question 
an inductive hypothesis generating approach was followed rather than a deductive hypothesis testing paradigm.  
Research objectives 1, 2 and 3 were partially achieved via a desk top study of the current literature and fulfilled 
via empirical data collection and analysis using the property attribute and building adaptation database.  
The rationale for the property attribute and building adaptation database was presented with the advantage of 
an economical evaluation of the entire number of building adaptation events which occurred between 1998 and 
2008. The advantage of using excel software was the ability to transfer the data directly into SPSS version 17, 
by-passing the data inputting process and avoiding data inputting errors. Furthermore this research approach 
avoided the problems of participant bias, and low response rates found in questionnaire surveys and interviews 
or case study approaches.  The database design followed well established protocols identified by leading 
academics and researchers (Moser & Kalton 1971, Robson 1993, Naoum 2000).  A detailed breakdown of the 
database designs, population and assembly was discussed and their relationship with the research aims and 
previous research was illustrated in chapter four.   
 
In the PCAs the researcher used verified reliability and validity tests, namely the Kaiser criterion, the proportion 
of total variance accounted for, the scree test and the interpretability criterion; which are accepted as reliable 
tests (Joliffe 2002, Cattell 1966, Jackson 2003). To overcome criticisms of reliance on the proportion of total 
variance test only (Jackson 2003) the research combined this test, the scree plot test (Joliffe 2002) the Kaiser 
and interpretability criterion tests (Tabachnick & Fidell 2001). 
 
8.2.3 Discussion of the PCAs 
 
Three successive PCAs were undertaken for ‘all’ adaptations, ‘alterations’ adaptations (level 2) and ‘alterations 
and extensions’ adaptations (level 4). The ‘all’ levels adaptations PCA produced three factors named, a) physical 
and social, b) economic and land and, c) amenity and flexibility potential. The second PCA for ‘alterations’ 
adaptations produced four factors which were named; a) physical and size, b) amenity and flexibility potential, 
c) land and, d) social. The ‘alterations and extensions’ adaptations PCA produced a three factor solution with 
the labels a) physical and size, b) land and c) social respectively. All the factors in the three PCAs were 
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examined and interpreted in the context of adaptations which occurred in the Melbourne CBD between 1998 
and 2008. 
 
There were two primary findings from the PCA for ‘all’ adaptations. Firstly, three defined and readily 
interpreted factors, explaining 82.71% of variance were produced containing four, one and three property 
attributes respectively.  The PCA correlated attributes that previous adaptation studies identified as being quite 
independent and different (Blakstad 2001, Kucik 2004, Arge 2005). Previous studies have grouped attributes 
into distinct economic, physical, technological, environmental and legislative (regulatory) categories, yet the 
results of the PCA revealed that the attributes do not correlate strongly or well within this structure. That is to 
say, all the physical attributes do not group together, neither do the social attributes group together and so on.  
On this analysis it is evident that the relationships between building adaptation attributes are more complex 
than hitherto believed. One possible explanation and reason for this is that some attributes can be interpreted 
in more than one way; in other words, they can belong to one or more categories. For example, the attribute 
Property Council of Australia building quality grade can denote the level of building amenity and quality, and can be 
interpreted also as a mark of rental yield and capital value and in so doing can be categorised as an economic 
attribute and/or an amenity attribute. Simplistic groupings of attributes and erroneous estimations of the 
importance of the different property attributes in adaptation could lead to poor decision-making in respect of 
adaptation.  
 
The ‘alterations’ adaptations PCA accounted for 82.09% of total variance in adaptation and contained four 
clearly defined readily interpreted factors, containing five, three, two and three property attributes respectively. 
The final PCA for ‘alterations and extensions’ adaptations accounted for 73.98% of total variance in adaptation 
and contained three clearly defined readily interpreted factors, containing six, two and three property attributes 
respectively. As with the first ‘all’ adaptations PCA, the attributes in the two other PCAs grouped differently to 
groupings used by previous adaptation studies confirming that our current understanding of the relationship 
between property attributes and adaptation events is somewhat simplistic. It is only possible to realise this 
finding using a very large dataset such as the one compiled for this study. Furthermore few very large datasets 
of this type have been assembled to explore the relationships between building adaptation and property 
attributes. Kincaid examined 176 office buildings in London for his study, Ball’s 1997 study into vacant 
industrial buildings and adpation was based on 45 buildings, while Remøy and van der Voordt (2006, 2007) 
examined two case studies. More typical of the research approach in this field is Blakstad (2003) who examined 
four cases to illustrate his strategic approach to adaptability and Arge (2005) who looked at 11 cases in her 
study into adaptable office buildings theory and practice. Bullen’s (2007) Western Australian study into office 
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building adaptation and sustainability was based on 14 survey responses and follow up interviews with building 
owners. As such the database assembled for this research, which contained records for 1053 office buildings, is 
unusually large and unique. At least 300 cases are recommended for an effective PCA analysis and this study 
analysed 7393, 1153 and 5290 cases respectively for the three PCAs which denotes the results may be relied 
upon (Comrey & Lee 1992). Using building permits as a starting point it was possible to compile a database of 
actual events and to then supplement the data with the physical, social, economic, environmental and legal 
attributes identified by previous studies.  
 
It is imperative that going forward, in the age of computer records we must collate and utilise data to inform 
and improve our decision making. There is an excellent opportunity with forethought and planning, to collate 
data in way that it may be utilised for research to arrive at more informed understandings of change and 
adaptation in our towns and cities. With numerous cities globally aiming to become carbon neutral within short 
time frames and looking to the built environment as a means of delivering those carbon emission reductions it 
is proposed that metadata bases could be compiled to share information to enhance decision making for the 
benefit of the entire community.  
 
Whilst there are differences between the three PCAs, there are also similarities. As stated the grouping of the 
attributes is different from the earlier studies which have largely adopted a case study approach, relying on the 
subjective opinions of a relatively limited number of individuals involved in adaptation projects. It is apparent 
that the relationships between the different property attributes do not closely follow the categories established 
by previous studies such as environmental, economic and physical and so on. The main conclusions from the 
interpretation of the ‘all adaptations’ PCA were: 
 
1. Age in 2010 is a very important attribute. 
2. The first major adaptation is the most likely 19 years after construction when buildings require some 
extensive remodelling.  
3. Site boundary’s, which refers to the degree of attachment to other buildings is the second highest attribute 
loaded in factor one. 
4. Buildings which are less attached to others are more likely to undergo adaptation. 
5. Historic listing or heritage overlay has an important affect on adaptations. 
6. Floor size in office buildings affected the degree of adaptability in a building, with 51.70% of all works 
to buildings with a typical floor area of 1178 metres squared or less. 
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7. Factor 2 findings were that property location was important and attributed to 16.40% of variance; 
buildings in ‘better’ CBD locations undergo greater rates of adaptations. 
8. Property Council of Australia building quality grade or, the degree of amenity and flexibility potential is 
important in adaptation. 
9. The location of the vertical services cores affects the likelihood of adaptation, 56.5% of all adaptations 
occurs in buildings with centrally located services. 
10. Existing land use can be interpreted to mean that the existing land use is strongly correlated to a ‘within 
use’ adaptation. 
11. Only 0.68% of adaptations were change of use adaptations. 
12. Building’s classed as office building only accounted for 43.78% of all adaptations, with the second 
highest percentage of adaptation works occurring to buildings classed office and retail land use.   
13. Of 59 streets included in the research one street, Collins Street, the premier office location accounted 
for 27.74% of all adaptation events. 
14. Property Council of Australia building quality C and D grade stock, 11.09% and 3.83% of all adaptation 
work respectively accounts for the least amount of work and indicates that this is becoming or is, the 
‘Cinderella’ stock within the city. It may be evidence that the gap is widening between Premium A and 
B in a top tier with the C and D grade stock in the lower tier of amenity and likelihood of future 
adaptations.  
 
For ‘alterations’ adaptations, that are more minor in scope and extent, the following key findings derived from 
the PCA analysis were: 
1. The degree of attachment to other buildings is the most important attribute.  
2. Typical floor area is an important attribute with buildings with medium size floors (701-1778 metres 
squared) being most frequently adapted (31.08%) and those with large floor areas undergoing the least 
adaptation (19.59%). 
3. Site access to the building is important and buildings with greater accessibility are more likely to be 
adapted. 
4. Property Council of Australia building grade quality in terms of amenity and flexibility potential are 
important.  
5. The location of the vertical services core is an important attribute. 
6. Street frontage is important and buildings less than 40 metres account for 63.51% of all ‘alterations’ 
adaptations. 
7. Social attributes are important in ‘alterations’ adaptations and include heritage listing, age in 2010 and 
aesthetics. 
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8. There is a relationship between building age and the likelihood of a building being heritage listed or in 
a heritage overlay. 
9. Aesthetically pleasing buildings are more likely to be adapted than less attractive ones. 
Finally with the most extensive adaptation analysed in the PCA, the ‘alterations and extensions’ adaptations the 
following key findings are noted:  
 
1. Physical and size attributes were the most important building. 
2. Property Council of Australia building grade quality and aesthetics are far more important in this type of 
adaptation compared to ‘alterations’ adaptations. 
3. Aesthetically pleasing stock is more likely to be adapted. 
4. There is an optimum size for ‘alterations and extensions’ adaptations. 
5. Property Council of Australia building quality grade D stock has the least amount of work.  
6. Site boundaries or the degree of attachment to other buildings is important, detached buildings are more 
likely to undergo adaptation. 
7. Typical floor area is more or less equally represented in terms of frequency of adaptation across the small, 
medium, large and extra large profiles. 
8. Street frontage is important and just under half of all ‘alterations and extensions’ adaptations occur on 
buildings with a building width measuring less than 40 metres. 
9. Location is important and over half of all activity occurs in the Prime and Low Prime locations. 
10. Heritage listing is important.  
11. Building age in 2010 is important with newer buildings undergoing little adaptation and older stock 
accounting for greater rates of ‘alterations and extensions’ adaptation works. 
 
8.2.4 The predictive PAAM models 
 
Three predictive PAAM to enable a preliminary assessment of the potential of a commercial office building for 
adaptation based on a decision model derived from the literature presented in Chapter two were posited. The 
PAAM and case study checklists are based on a simple weighted model founded on the analysis of 7393 
building adaptation events. The intention of the predictive PAAM is to facilitate an initial determination of the 
suitability of an office building for; a) adaptation per se, b) an ‘alterations’ adaptation or c) an ‘alterations and 
extensions’ adaptation.  
The PAAM operate by taking the assessor through a series of stages. Significantly the PAAM do not require the 
assessor to have high levels of professional knowledge or technical competence. The assessor is able to use the 
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case study checklist and PAAM model to determine the suitability of a building for adaptation based on the 
empirical analysis of thousands of adaptation events.  At each stage the assessor deliberates only the most 
important property attributes that need to be considered. For each factor in the three models, building profiles 
are suggested based on the attributes to illustrate how the model can determine high to low adaptation 
potential.  Furthermore exploratory case studies illustrate how the models and checklist work in practice. 
Following extensive modelling with a number of different quantitative weighting approaches in the predictive 
models it was decided that a purely quantitative assessment was not sufficiently robust and reliable. The PAAM 
presented require an assessment of each attribute within each factor. The degree of importance of each factor 
and each property attribute within each factor is shown in the models. Furthermore a PAAM checklist is 
provided for each model to assist decision-making.  
 
There were attributes which previous studies had identified as being important to building adaptation but which 
were found to be unimportant in explaining variance in adaptation in Melbourne in the PCAs or were not 
possible to test in this study.  The first group, unimportant attributes, can be explained partly because of high 
levels of homogeneity in the stock, for example the attribute ‘proximity to public transport’ revealed that 
because the CBD is so well serviced by public transport that all buildings were located within more or less equal 
distances to transport services. Homogeneity explains attributes such as parking provision, building 
classification, planning zones and environmental rating.  It is noted that the importance of environmental 
attributes will change going forward as more buildings become rated for their environmental features. The 
emergence of the rating tools from 2006 onwards meant that only two years of adaptations would cover any 
environmental rating assessment in the database. It was not possible to collect some of the data to test some 
attributes such as ‘water use pre and post adaptation’ because of the retrospective nature of the study. 
Furthermore some data would not be stored by all building owners such as the presence of toxins before and 
after adaptation. Such data is very detailed and rich in nature but requires extensive levels of data collection and 
there was not sufficient time to collect such data and also analyse such a high number of adaptation events.  
 
8.3 The research hypothesis 
This study followed an inductive approach to generate and state one hypothesis, which was;  
‘Variations in building adaptation in Melbourne central business district are associated with property attributes.’ 
Physical property attributes were found to be very important in explaining variance in building adaptations, 
more so than other attributes such as legal, environmental, economic and social. However it is not the case that 
property attributes alone are important in the building adaptations.  They are closely related to other attributes 
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such as the social attributes; age in 2010 and historic listing in the all adaptations PCA and the amenity and 
flexibility attribute Property Council of Australia building quality grade in the ‘alterations and extensions’ adaptations 
PCA. Interestingly within the physical attributes of buildings it is those relating to building size or dimensions 
which were most important; for example Gross Floor Area, height, typical floor area. However site access to the 
building and physical site boundaries was also important. What is more, is that physical attributes ranked first in 
all three PCAs and reflects the very high measure of importance of physical property attributes. The total 
amount of variance explained by the first factors in each of the PCAs, the factors dominated by physical 
attributes was 57.17%, 42.27% and 44.86% respectively and this is indicative of the importance and high level 
of association between building adaptation and physical attributes.   
 
However it is also true to say that other attributes also are associated with building adaptation to a high degree. 
The PCAs showed that amenity and flexibility attributes, land and social attributes were also coupled with 
adaptations and have a reasonable amount of influence on adaptations. For example in the ‘alterations’ 
adaptations PCA amenity and flexibility attributes explained 19.68% of the total variance. In addition the 
‘alterations and extensions’ PCA found that land attributes accounted for 19.78% of total variance in adaptation 
events. Clearly these attributes are not as influential as the physical attributes but they do exert some effect on 
adaptation events nevertheless. In conclusion the hypothesis that ‘variations in building adaptation in 
Melbourne central business district are associated with property attributes’ is found to be proven to this extent.  
 
8.4 The research questions 
 
The three research questions are revisited and are discussed in the context of to what extent have they are 
answered by the research.  
 
8.4.1 Research question one 
What is the strength of the relationships and the interaction between building adaptation events in the CBD and commercial 
property attributes? 
 
The answer to this question lies in the results from the three PCAs. The emphasis was placed on the nature and 
strength of the relationships and the interaction between the previously identified building adaptation events in 
the Melbourne CBD area between 1998 and 2008 and the property attributes identified in the literature as being 
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important decision-making factors. In chapter two a thorough review of the literature clearly identified the 
many physical, social, economic, technological, legal, locational, land use and environmental attributes previous 
research had found to be important in building adaptation. These attributes formed the fields in the database 
for the collection of information about property attributes. The property attribute database was then merged 
with the building adaptation event database so that the strength of the relationship between adaptation events 
and property attributes could be tested and examined. The results of the PCAs showed that though many 
attributes contribute to and shape building adaptation events, a small minority explain a significant amount of 
variance in adaptation. For example, it was seen that 82.71% of variance in all adaptations was explained by 
eight property attributes.  Four physical and social attributes were the most important, explaining for 57.17% of 
total variance, with an economic and land attribute justifying 16.4% of variance and the three amenity and 
flexibility potential attributes accounting for the remaining 9.15% of variance. Similarly the following two PCAs 
for ‘alterations’ and alterations and extensions’ adaptation explained 82.09% and 73.98% of total variance with 
thirteen and twelve attributes respectively, which is a very high level of variance to be explained by a relatively 
small number of attributes. The variance in the PCAs explains the relative strength of the relationships between 
various property attributes and adaptation and the grouping of the property attributes reveals the interaction 
between the different attributes. 
 
As a result of the PCAs it was concluded that some previous studies were either limited in respect of the total 
number of cases or buildings that informed the study or they were restricted to examination of a single building 
type or land use. This research overcame both limitations as every office building adaptation event that occurred 
between 1998 and 2008 within the Melbourne CBD was analysed. Secondly all adaptation levels or types to 
office buildings within the Melbourne CBD were included in the initial analysis before the different adaptation 
levels were separated for further analysis to determine the differences and similarities in respect of adaptation 
events and the significance of different property attributes. The separation of events into ‘alterations’ 
adaptations and ‘alterations and extensions’ adaptations have revealed many similarities between the two levels 
of building adaptation. For example physical attributes were most important in both PCAs. Land and social 
attributes ranked third and fourth in the ’alterations’ adaptations PCA, and then second and third in the 
‘alterations and extensions’ PCA, and reflected a high correlation of those attributes between the different 
levels of adaptation. ‘Alterations’ adaptations were different from ’alterations and extensions’ adaptations in 
respect of the amenity and flexibility potential attributes which ranked second out of four groups in ‘alterations’ 
adaptations and third out of three groups in the ‘all’ adaptations PCA. In conclusion this research question has 
been answered to a high level of detail and it has been shown clearly which property attributes group together 
to explain variance in three different levels of building adaptation. Finally it has also been clearly shown that the 
simple groupings of previous studies do not fit together neatly when the variance of property attributes in 
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building adaptation events is examined in a large dataset in a distinct geographical area. Such a finding has 
implications for the reliability of decision-making models which attempt to base a decision where attributes are 
grouped under these grouping and weighted or prioritised in some form.  
 
8.4.2 Research question two 
What are the important criteria for the undertaking of an effective decision-making process involving the adaptation of 
existing commercial buildings? 
 
This research used previous studies which endeavoured to answer this question and developed decision-making 
models and tools as a starting point (Chudley 1981, Kincaid 2002, Remøy & van der Voordt 2006, Arup 2008, 
Bullen 2007). It was found that there were similarities in some respects regarding the importance of criteria for 
effective decision-making in the adaptation of existing commercial buildings, there were differences which 
could be considered local. Only further research replicating this study elsewhere could determine whether this 
is the situation; that local differences exist which is significant and this is a potential area of further research.  
 
The research determined the important criteria are for undertaking effective decision-making in respect of 
building adaptation of existing commercial buildings.  Based on the outcome of the analysis it is possible to 
state with a high level of confidence what the important criteria are for undertaking effective decision-making 
in respect of building adaptation of existing commercial buildings in Melbourne across a range of adaptation 
types. These criteria are presented in chapter two and discussed in detail in the three predictive models 
contained in figures 7.1, 7.6 and 7.12 respectively. 
 
8.4.3 Research question three 
What is the level of importance of the decision-making criteria for the adaptation of existing commercial buildings in an 
established mature CBD? 
 
This research used a quantitative analysis of previous adaptations to determine statistically which property 
attributes or criteria were most important in building adaptation. The relative weightings of the different 
attributes which were found to be important are presented in the predictive models in chapter seven. In 
particular for ‘all’ adaptations, the attributes and their relative importance are shown in figures 7.2 to 7.4 
inclusive. The attributes which were important for the ‘alterations’ adaptations (level 2) were shown in figures 
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7.6 to 7.9 inclusive. Finally the importance of the property attributes related to ‘alterations and extensions’ 
adaptations were made known in figures 7.11 to 7.13 inclusive. This study is statistically representative and 
overcame the weakness of previous studies which adopted a qualitative opinion based methodology to 
determine the relative importance of decision-making criteria for the adaptation of existing commercial 
buildings (Kersting 2005, Arge 2005). The studies which had used larger samples were limited to different 
geographical regions, that is not necessarily a mature CBD and were restricted to specific building types 
(Kincaid 2002). The limitation of opinion based research is that it varies according to the quality of the 
opinions used in the research; which were side-stepped in this study through the adoption of a quantitative 
approach to the research. With the exception of the Western Australian study (Bullen 2007), no earlier studies 
related either to Australia and/or all land uses in a CBD and furthermore, given the limitations of opinion 
based research; there were compelling reasons for an alternative method for validating the importance of the 
decision-making criteria and the results of this study show that this approach was valid and reliable.  
 
8.5 Further application of the research  
 
This thesis now moves to consider the further research which arises out of the study. In all there are five 
distinct ways in which this study can be developed further and these are outlined below.  
 
Clearly the research could be replicated for other land uses such as retail, residential and industrial to ascertain 
the respective relationships between the physical, social, economic, land, legal, environmental and technological 
property attributes and adaptations to those building classes. This study has examined office land only and is 
limited to conclusions about this building class only. Furthermore it is apparent that in CBDs there are more 
complex buildings comprising more than one land use such as retail and office buildings or retail and residential 
property. Adaptations to these complex buildings have not been investigated in this research or other studies in 
this field to any significant extent. It is noted that the contexts for different land uses such as residential for 
example, are different and that there are different drivers for adaptation in other sectors. It remains to be seen 
whether complex buildings undergo more or less adaptation or whether different attributes become more 
significant to these building types.  
 
Secondly this research focused solely on the Melbourne office market. It would be useful to expand the 
coverage to other major commercial property markets within Australia such as Sydney to analyse the number 
and type of adaptation based on commercial property cycles. Similarly an analysis of major international 
commercial property markets would facilitate a comparative analysis of practices to improve understanding of 
adaptations over time and in different locations.  
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Another area of further investigation is the attributes which this study was unable to include such as pre and 
post adaptation value or energy consumption and so forth. It is suggested that a smaller scale study of at least 
300 cases for a reliable PCA could be undertaken. This expanded study would include those additional 
attributes that were outside the scope of this study. Furthermore the expanded study would be undertaken over 
a shorter time frame so that these attributes could be sourced and collected for analysis.  
 
Fourthly there is the potential to undertake further investigations on the predictive models presented in chapter 
seven. This investigation could take the form of firstly trialling the models in the field to ascertain how useful 
they are to assist preliminary decision-making in respect of adaptation potential. Thereafter, the models could 
be taken as a starting point for developing a weighted index in a hierarchical decision-making tool such as 
Analytical Hierarchical Process.  This investigation was outside the scope of this project although there is 
potential to explore this aspect thereby developing the model further.  
 
Finally table 4.3 illustrates the physical, land use, legal, social, economic and environmental data identified by 
previous research studies into property attributes in building adaptation. It was not possible to collect all data, 
for example, the researcher was unable to collect data on cost in use for each building over the period 1998 to 
2008 because some owners would not retain this data, and others would not collect it. Furthermore some 
buildings underwent a change of ownership during the period 1998 to 2008. The Property Council of Australia 
building quality grade for each building was collated and used in the PCA analysis as a proxy for condition and 
quality of the property. With the environmental measures some criteria were redundant in this study for 
example, proximity to public transport which was a metric adopted by previous studies was not appropriate in 
this study as the public transport network is so comprehensive in the CBD that every building is within five 
hundred metres of some form of public transport; tram, train or bus. Data was collected on Green Star and 
NABERS ratings, and energy and water consumption based on the Property Council of Australia data on office 
metrics by Property Council of Australia building quality grade, however with so few Green Star and NABERS 
rated properties in the research population it was not possible to compute variance and this attribute was 
excluded for the reduced factor analysis. The period 1998 to 2008 largely predates the availability of 
environmental rating tools and the recent uptake in the office market post 2005. It is considered that a 
replication of the study in coming years may produce a different outcome in respect of the relative importance 
of the environmental attributes in adaptation. It is the researcher’s intention to replicate the study to determine 
the importance of environmental attributes in adaptations occurring post 2008 in Melbourne so that the results 
may be benchmarked with this earlier study.  
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8.6 Final deliberations  
 
Owners and designers should be more realistic of a buildings lifecycle and avoid over-specification of 
commercial office buildings whereby extra resources are committed to buildings to provide a hypothetical life 
of 100 plus years for example, when in reality societal tastes, needs, perceptions and expectations will have 
changed so much so that the building will be perceived to no longer meet market expectations. Over-
specification in office buildings was found to be a common practice in speculatively designed office buildings in 
an international comparative study (Wilkinson & English 1998). If offices are typically over specified, that is the 
design goes beyond what is required within legislation to satisfy the perceptions of the market place, additional 
resources are used and greenhouse gas emissions emitted to deliver the specification. Subsequently a reduced 
life cycle follows, whereby components designed to last 50 years or so are replaced within a much shorter time 
frame say 15 years. In an age where sustainability is so often the stated goal, it is imperative that unnecessary 
waste is avoided wherever possible. 
 
In conclusion, this research study represents the most extensive and intensive examination of building 
adaptation undertaken in respect of a defined mature property market, in this case the Melbourne CBD, over a 
clearly articulated and reasonably long period of time. Importantly, this research coincides with the 
development of the 1200 Building’s Program, a City of Melbourne initiative to deliver 38% reductions in 
building related greenhouse gas emissions by 2020. This study and the lessons that may be applied from this 
new knowledge are therefore timely and much needed. The sustainability agenda and the drive to reduce the 
environmental impact of existing buildings increases the need for effective, soundly reasoned and informed 
decision-making in respect of adaptations and this study has made some inroads in this respect. Whilst the 
environmental attributes were not found to be important in explaining variance in building adaptation in the 
PCAs between 1998 and 2008, the researcher is confident that this will change in the coming decade. Given 
that energy efficiency was mandated in 2006 in the Building Code of Australia for commercial buildings it is not 
surprising that these attributes did not make a significant contribution to adaptation decisions from 1998 to 
2008. As the breadth and depth of sustainability measures is added to the Building Code so too will the need to 
take these attributes into account increase. In addition, with the roll out of the 1200 Buildings Program and the 
increasing number of exemplar adapted buildings, such as 500 Collins Street and 40 Albert Street, 
environmental attributes will acquire greater importance and status. Deferred obsolescence and the 
environmental, technological, social and economic benefits discussed in the research make adaptation an 
increasingly attractive option to building owners. The capacity to make an informed decision on the timing and 
the type of adaptation to make and, on which building, is needed to contribute to the challenge facing 
humankind in respect of mitigating global warming and climate change. The outcomes of this research 
contribute in a modest way to this challenge. As a result of the study it is the researcher’s view that further and 
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continuous education of built environment professionals and policy makers is necessary to raise understanding 
about the nature and extent of the issues involved in sustainability and building adaptation. Built environment 
professionals and policy makers need to be conscious of the relationships between all levels of building 
adaptations and property attributes in order that they might make more informed choices in their professional 
life, for the effects of their decisions affect us all. 
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Appendix One – Glossary of terms used in the thesis 
Adaptation - Any work to a building over and above maintenance to change its capacity, function or 
performance. In general terms, adaptation means the process of adjustment and alteration of a structure, or 
building, and/or its environment to suit new conditions (Chudley, 1983). More specifically it is work 
accommodating a change in the use or size or performance of a building which may include alterations, 
extensions, improvement and other works modifying it in some way (Douglas, 2006).  
Adaptive reuse - Conversion of a facility or part of a facility to a use significantly different from that for which 
it was originally designed (Douglas, 2006).  
Building utility theory – is defined as the degree of usefulness or utility provided by a commercial building. 
For example, Internal Environmental Quality (IEQ) has been established as one of the important aspects of 
user satisfaction with commercial offices. If a building has poor IEQ it will be deficient in utility in this aspect. 
A lack of utility indicates that a building is underperforming compared to others in the market and thus its 
capital and rental values could be negatively affected.  
Building obsolescence theory – Buildings are wasting assets that decline in value through use, the action of 
the elements and the passage of time. This process of physical deterioration can be counteracted through 
renewal and maintenance of the fabric. ‘However, the usefulness of buildings may be impaired by factors quite 
separate from their physical condition. The action of such factors upon the usefulness of buildings which 
cannot be ascribed to physical wear and tear is spoken of as obsolescence’ (Burton, 1933). Obsolescence differs 
from physical deterioration because it represents a relative decline in a building’s value; relative in the sense that 
it is a decline not directly related to use, the action of the elements or the passage of time (Baum, 1991). 
Instead, obsolescence occurs when there is a change in the requirements or expectations regarding the use of a 
particular building because of factors external to the property. In many cases, buildings that are deemed to be 
obsolete continue to function but at levels below contemporary standards (Building Research Board, 1993). 
Building performance theory - Building performance is a set of measurable property attributes including: 
durability, moisture management, energy efficiency, Indoor Air Quality (IAQ), structural performance and 
thermal comfort 
Building performance evaluation (BPE) - is an extension of what had been called "post-occupancy 
evaluation." FPE is a continuous process of systematically evaluating the performance and/or effectiveness of 
one or more aspects of buildings in relation to issues such as accessibility, aesthetics, cost-effectiveness, 
functionality, productivity, safety and security, and sustainability. 
Building Quality Assessment (BQA) - This tool rates and scores the actual performance of buildings against 
performance criteria for the building users and therefore is not directly applicable to other stakeholder 
perspectives. 
Construction on Hold - Buildings on which construction has been halted and cannot be considered likely to 
recommence and be completed by a nominated date at the time of publication. 
Conversion - Making a building more suitable for a similar use or for another type of occupancy, either single 
or mixed use (Douglas, 2006). 
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Extension - Expanding the capacity or volume of a building whether vertically by increasing the height / 
depth or laterally by expanding the plan area (Douglas, 2006). 
Obsolescence  - The condition of being antiquated, old fashioned or out of date, resulting where there is a 
usually rapid change in the requirements or expectations regarding the shelter, comfort, profitability or other 
dimension of performance that a building is expected to provide. Obsolescence can occur because of 
functional, physical, social, legal, economic and technical changes. (Iselin and Lemer, 1993 cited in Douglas, 
2006) 
Total Marketable Stock - ‘Marketable Stock’ is the total amount of owner occupied and leasable office space 
in a designated commercial district, excluding areas in buildings not available for occupation at the time of the 
survey (withdrawn for refurbishment, still under construction or unable to be occupied). The minimum 
standard for inclusion on the survey is commercially acceptable office space with or without central air 
conditioning. 
NLA - Net Lettable Area - Net Lettable Area is defined in accordance with the Property Council’s Method of 
Measurement.  It covers only the net office component of buildings. 
Rehabilitation - ‘to restore to a former condition’ or ‘to make fit again’. Rehabilitation used in conjunction 
with buildings refers to upgrading of a buildings physical functional attributes to new acceptable or desired 
standards. It is considered an activity which attempts to reverse the effects of decay and obsolescence.  
Refurbishment - Refurbishment is the upgrading of a building’s fabric and services with the aim of enhancing 
its ability to compete effectively for tenants, improve rental growth, and maximise market value.  In most cases, 
this involves the modernisation of services, such as air conditioning, lifts, electrical load capacity, and some 
cosmetic work to facades and interiors. The Property Council distinguishes between two types of 
refurbishment: 
1. Full Refurbishment occurs where a building is wholly vacated    
2. Partial Refurbishment occurs where a building is partially vacated and withdrawn from stock for the 
purpose of refurbishment. 
 
Vacant space - Areas of buildings available for occupation at the time of the Property Council’s six monthly 
office survey.  Space which is empty but unable to be occupied is not included in the calculation of vacancies 
and marketable stock. Vacant space is designated as being available either on a direct or sub-lease basis. The 
definition of vacant space applies equally to each category. 
Completion Date - Issue of a Certificate of Occupancy is the principal guide to a building’s completion date.  
However, the Property Council also takes account of physical or legal obstacles to occupying new buildings. 
Effective completion hinges on a lessee’s ability to physically occupy the new premises. 
Pre-commitment - A contractual commitment to occupy office space prior to a building’s completion or 
refurbishment.  Every attempt is made to ensure pre-commitment figures in this report represent firm 
commitments. 
Under Construction - Buildings which are currently being developed.  A building is deemed to be under 
construction when development proceeds beyond the laying of footings 
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Likely Projects - Development Projects which have a high probability of proceeding and whereby the office 
space is expected to be supplied to the market by a nominated date. 
Mooted Projects - Projects which cannot be considered likely to be completed by a nominated date at the time 
of publication, however are anticipated to commence during the medium term. 
MARKET DEFINITIONS 
Melbourne Original 
Due to the inclusion of Docklands in Melbourne CBD in January of 2004, existing buildings and tenant 
occupation have affected the absorption of the greater Melbourne CBD market.  
The Melbourne CBD Original series excludes the effects of Docklands, by removing its properties from the 
calculation of Melbourne CBD. This original series allows the user, of the Office Market Report, to quantify 
the effect that the Docklands locale has had on the greater Melbourne CBD Market. 
*Melbourne CBD 
Melbourne CBD is defined by the following Seven zones 
1. Spencer – area bounded by Spencer, Lonsdale, King and Flinders Streets, but also including the World 
Trade Centre (Cityscope zones – 18, 26, 34). 
2. Flagstaff – the area bounded by Lonsdale, Spencer, Dudley, Franklin, Therry and Elizabeth Streets 
including Melbourne Central (Cityscope zones – 1-3, 7, 9-13); 
3. Western Core – the area bounded by Flinders, Spencer, Lonsdale and Elizabeth Streets (Cityscope 
zones – 19-21, 27-29, 35-37); 
4. Civic - the area bounded by Flinders, Elizabeth, Therry/Victoria & Russell Streets, and including the 
Princess Gate Towers (Cityscope zones – 4, 5, 8, 14, 15, 22, 23, 30, 31, 38, 39); 
5. North Eastern – the area bounded by Bourke, Russell, Victoria and Spring Streets (Cityscope zones – 
6, 16, 17, 24, 25); and 
6. Eastern Core – the area bounded by Flinders, Russell, Bourke and Spring Streets, and including 161 
Collins St (Cityscope zones – 32, 33, 40, 41). 
7. Docklands  –  Starting from the corner of Dudley and Spencer Street, along Western side of Spencer 
Street heading south to the Spencer Street bridge, turning west up the centre of the Yarra River to the 
Charles Grimes Bridge.  Turning South at the bridge and then west along Lorimer Street to the Bolte 
Bridge.  Along the Bolte Bridge to Footscray Rd, turn right along Footscray road and head in an 
easterly direction until turning left onto Dudley Street.  Up to the corner of Dudley and Spencer. 
*Please note the inclusion of Docklands in the Melbourne CBD Market for 2004. Docklands is not 
included in this research. 
 
St Kilda Road - St Kilda Road is defined to the north by Raglan Street, Palmerston Crescent, Wells and 
Coventry Streets, to the west by St Kilda Road, Bromby and Arnold Streets, Fawkner Park, Wesley College, 
High and Raleigh Streets and Punt Road, to the south by the intersection of Queens Road and St Kilda Road, 
and to the west by Queens Road, King Street, Albert Road and Moray Street. St Kilda Road is not included in 
this research.  
Southbank - Southbank is defined by the area south of the Yarra River between Charles Grimes Bridge and St 
Kilda Road, to the west by Montague/Gladstone Streets, the light rail line, to the south by Market Street, 
Eastern Road and Kings Way, to the east by Wells Street between Kings Way and Coventry Street, St Kilda 
202 
 
Road between Coventry and Grant Streets and the Victorian College of Arts and the Arts Centre. Southbank is 
not included in this research. 
Functional Suitability Assessment (FSA) -This tool was developed by Isaacs and the assessment relates 
specifically to health buildings but does apply in part to other building types (land uses) (Isaacs, in Baird et al, 
1996:49). 
Highest and Best Use (HBU) - is a concept in real estate appraisal which states that the value of a property 
is directly related to the use of that property; the highest and best use is the reasonably probable use that 
produces the highest property value. This use, the Highest and Best Use, may or may not be the current use of 
the property. In order to be considered as the Highest and Best Use of a property, any potential use must pass a 
series of tests. The exact definition of Highest and Best Use varies, but generally the use must be: legally 
allowable, physically possible, financially feasible and maximally productive 
Post occupancy evaluation (POE) – with its origins in the USA, POE has been used since the 1960s. Preiser 
(2005) defined POE as "the process of evaluating buildings in a systematic and rigorous manner after they have 
been built and occupied for some time". The British Council for Offices (BCO) states that POE provides 
feedback about how successful the workplace is in supporting the occupying organisation and individual end-
user requirements. The BCO state that POE can be used to assess if a project brief has been met. BCO 
recommends that POE is used as part of the evidence-based design process, where the project is a building fit-
out or refurbishment, or to inform the project brief where the project is the introduction of a new initiative, 
system or process. POE typically involves feedback from occupants, through questionnaires, interviews and 
workshops, but may involve objective measures such as environmental monitoring, space measurement and 
cost analysis. 
The term "post occupancy" can be confusing and simply refers to an occupied building rather than a vacant 
one and a POE may be carried out pre- and post-project. POEs may be conducted at regular intervals to 
monitor how the building facilities and its operation currently support the occupants. A pre-project POE may 
be used to measure project success, feedback and feed-forward, set a baseline for measurement, establish 
benchmark data, inform the design process and input to a change management programme.  
A post-project POE is usually carried out 6 to 12 months after completion, though interim project reviews may 
be carried during the project delivery phase and on completion. POE's may be conducted in offices, homes and 
learning environments. POE is usually carried out by trained professionals.  
Real Estate Norm (REN) -REN is a widely accepted method for evaluating office buildings and office 
locations. 
Serviceability Tools and Methods (STM) -This tool was developed in North America. STM has been used 
to assess offices in New Zealand, the USA and the Netherlands 
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Appendix Two – Selection of key published papers associated with the thesis.  
 
1. Wilkinson, S. (2011). Back to the future: heritage buildings, sustainability and adaptation in the 
Melbourne CBD. Historic Environment. (Accepted for publication in July 2011). 
2. Wilkinson, S. J., & Reed, R., (2011). Examining and quantifying the drivers behind alterations and 
extensions to commercial buildings in a central business district. Construction Management & 
Economics  (paper accepted for publication) 
3. Wilkinson S., & Remøy, H.T. (2011). Sustainability and within use office building adaptations: A 
comparison of Dutch and Australian practices. Pacific Rim Real Estate Conference, Jan 16th -19th 2011. 
Gold Coast, Australia.  
4. Wilkinson, S. J., James, K., & Reed, R., (2010). Alterations and extensions to commercial buildings in 
the Melbourne CBD: The relationship between adaptation and property attributes. ERES, Milan. June 
24th 2010. 
5. Wilkinson S. J. and Reed R. (2009). Green Roof Retrofit Potential in the Central Business District. 
Journal of Property Management. ISSN.0263-7472. Issue 27 Vol. 5. 
6. Wilkinson, S. James, K. & Reed, R.  (2009). Using building adaptation to deliver sustainability in 
Australia. Structural Survey Journal ISSN 0263-080X. Issue 1 Vol. 27  
7. Wilkinson, S., James, K., & Reed, R. (2009). Delivering sustainability through the adaptive reuse of 
commercial buildings: the Melbourne CBD challenge. Pacific Rim Real Estate Conference, Jan 19h-21st 
2009. Sydney, Australia.  
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1. Wilkinson, S. (2011). Back to the future: heritage buildings, sustainability and adaptation in the 
Melbourne CBD. Historic Environment. ISSN 0726-6715 (paper accepted for publication 2011). 
 
Back to the future: Heritage buildings, adaptation and sustainability in the Melbourne Central Business 
District. 
 
 
Abstract  
 
Humans have adapted buildings for almost as long as they have constructed shelters. With an acceptance 
of links between energy consumption, greenhouse gas emissions and climate change, many perceive the 
built environment as a sector with high potential to reduce overall emissions. The built environment is 
responsible for around half of all greenhouse gas emissions and could play an important role in mitigating 
global warming. Many global cities aim to become carbon neutral, Melbourne leads the way with a target 
of neutrality by 2020 with others following such as San Francisco with a 2030 target. With around 2% of 
new buildings added to the total stock each year; the scope for reductions lay with adaptation of existing 
buildings.  
 
Successful adaptation requires the stakeholders to address social, technological, environmental, economic 
and legislative criteria.  Buildings have to meet the needs of users and the wider community. Heritage 
buildings often account well in terms of embodied energy though they may not be energy efficient. Whilst 
unlisted buildings present challenges and opportunities, heritage stock has another layer of complexity 
with regards to adaptation and sustainability, such as restrictions on the nature and extent of retrofit 
measures that may reduce energy, water and resource consumption.  
 
This paper addresses the questions; (a) what is the nature of adaptations in relation to heritage and non 
heritage office building stock in the Central Business District (CBD). Using Melbourne CBD, 1548 
commercial building adaptation events of heritage buildings were analysed. Results show the extent and 
nature of the adaptation between 1998 and 2008 and identify future considerations when integrating 
sustainability into heritage retrofits.  
  
 
Keywords: heritage buildings, office, sustainability, refurbishment, building adaptation, Australia. 
 
Introduction   
One option considered by owners to increase the sustainability of existing building stock is to undertake 
adaptation.  Australia, like many developed countries, needs to increase the adaptation of the existing 
commercial stock to reduce building related greenhouse gas emissions (Garnaut, 2007). The City of 
Melbourne aims to be carbon neutral by 2020 (Lorenz et al., 2008) and a target of 1,200 building 
adaptations has been established to deliver greenhouse gas reductions through sustainability measures. 
Some of these emissions reductions could be achieved by adapting heritage buildings; the questions are: 
(a) what is the nature of adaptations in relation to heritage and non heritage office stock in the CBD.  
 
Defining adaptation for the purposes of this research the definition of adaptation is: “any work to a 
building over and above maintenance to change its capacity, function or performance’ in other words, ‘any 
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intervention to adjust, reuse, or upgrade a building to suit new conditions or requirements” (Douglas 
2006).   Given this definition, adaptation therefore can occur to a whole building or to part of a building 
for example to one or more floors of an high rise building. This definition encompasses within use and 
across use adaptations. The term ‘adaptation event’ is defined to include all activity related to individual 
building permits on existing buildings. In the case of tenanted buildings, this activity or events can be 
referred to as alterations and extensions, upgrade, change of use, renovation and the like, as such multi-
tenanted buildings will experience multiple events in the one building. High rise buildings therefore 
experience a greater number of adaptation events, though the value of scope of those events may be 
smaller. There are a plethora of terms used to cover adaptation such as retrofit, refurbishment, upgrade, 
conversion, renovation – all of which often exist in a ‘state of happy confusion’ (Markus 1979, Mansfield 
2002).  The definition of adaptation adopted for this research is broad. This paper examines the nature of 
heritage buildings, the need to adapt existing stock and the conflicts and connections between 
sustainability and adaptation of heritage buildings. One of the reasons existing buildings are adapted is to 
meet the requirements of tenants and owners for improved environmental performance.  As such 
heritage buildings need to adapt to changing preferences if they are to compete with newer sustainable 
buildings.  
 
The nature of heritage buildings 
The notion of an heritage building is typically of an older building, which is architecturally significant. The 
criteria for heritage listing in Victoria, Australia are embodied in the Heritage Act 1995 and are similar to 
heritage criteria in other countries (Victorian Heritage Act, 1995). In Australia heritage may be protected 
by local, State and Commonwealth Governments (DPCD, 2010). Typically the buildings or places have to 
be of cultural or historic significance, and/or be included in the Heritage Register, and/or on the World 
Heritage List (DPCD, 2010).  However it is a misconception to assume that heritage stock is simply ‘older’ 
stock. Many city centre buildings constructed in the post-war period have an heritage overlay or listing to 
protect them from alterations which would otherwise compromise their heritage values.  In Melbourne 
the office building known as ICI House is an example of the international style ‘modernism’. ICI House was 
constructed in 1958 and listed in March 1990 due to its architectural significance to Victoria. Until 1961, 
ICI House was the tallest building in Australia, and at 84 metres in height it exceeded the 40.2 metre 
Victorian height restriction and set a new precedent in height controls in Melbourne. Its height and 
position on the eastern hill of the CBD, terminating the axis of Lonsdale Street, made the building a 
landmark. In terms of construction innovation, curtain walling had previously been used to a small degree 
on facades in Melbourne but its use on ICI House was important as the entire main building envelope is 
clad in this manner. In addition the garden, with the Lewers fountain and water feature, is of significance 
due to its role in determining the plot ratio that allowed the breaking of the height limit as well as defining 
the original formal entry to the building. It is clear buildings become heritage listed for many reasons and 
comprise older and relatively recent buildings in city centres.  
 
The need to adapt heritage buildings 
The adaptation of heritage buildings allows us to retain significant cultural and social values embodied in 
the buildings for future generations (Department of the Environment and Heritage 2005, Bromley et al, 
2005). A US study concurred with this view of social and cultural worth when researching adaptation of 
industrial buildings (Snyder 2005).  The adaptation of heritage stock can promote urban regeneration in 
run down areas (Ball, 2002), however there is a counter argument that where large numbers of obsolete 
buildings await adaptation, a region may become socially blighted (Bryson, 1997). Economically it is 
claimed that adaptation is cheaper than new build (Ball 2002, Douglas 2006). However Bullen (2007) 
argued that with heritage stock there can be a premium to construction costs because of the additional 
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skills and the quality of the materials required to satisfy statutory controls which can result in higher 
adaptation costs.  
 
Heritage buildings have additional statutory constraints that create challenges in terms of compliance and 
meeting contemporary market expectations of commercial stock. For example, where the facades or 
building envelopes are listed the opportunity to reduce energy consumption through increased insulation 
to the fabric of the building is limited. Another compliance issue is addressing the social sustainability of 
access to buildings which is now a matter addressed in building design and legislation. Older stock is 
unlikely to have ramped access for wheelchair users as part of the original design and adjusting to access 
needs, though necessary by contemporary design standards, is likely to be viewed as a major intervention 
to the building which has to be accommodated in the least obtrusive way possible.  In order to comply 
with best practice in conservation, if possible the measure should be reversible without damaging the 
original building structure (Brereton, 1991).  
 
One of the challenges facing the professional teams adapting heritage buildings is determining the extent 
of the original features, many of which may have been partially compromised by previous adaptations 
(GBCA, 2010). Lengthy debates ensue to determine exactly what is of significance and what may be 
changed and how.  Thus there are good reasons for adaptation and a number of very specific challenges in 
executing successful adaptations of heritage buildings before the issues of addressing sustainability are 
taken into account.  
 
Sustainability and existing buildings  
Sustainability has been defined in the context of the triple bottom line (TBL) as having three components 
of social, economic and environmental sustainability where each are perceived as equally important. 
Often with buildings the emphasis is placed on environmental sustainability of the structure and fabric 
and the operational phase of occupation, with consideration also to deconstruction and recycling 
opportunities at the end of the building lifecycle. Langston (2010) noted that adaptation of buildings can 
deliver economic, environmental and social benefits to society, which should be at the forefront of 
thinking about existing building stock.  
 
The key environmental sustainability measures that can be considered in the adaptation of heritage 
buildings are much the same as for the non heritage stock; namely energy efficiency, water efficiency, 
reduction of waste, introduction of recycling / waste management, specification of low environmental 
impact materials and effective building operation and facility management. Energy efficiency and 
reductions in building related greenhouse gas emissions may be improved by using high efficiency 
luminaires, high frequency ballasts and energy efficient lighting controls and purchasing ‘green power’ 
(Arup, 2008).  In addition tenancy sub-metering enables improve management of energy use. Significant 
improvements can be made with minimal costs through a housekeeping review, energy purchase, 
improved maintenance and re-commissioning building's services (Arup, 2008). Water economy measures 
include installation of waterless urinals and 3/6 litre dual flush toilets, water efficient fixtures and water 
tanks to collect rainwater to flush toilets (GBCA, 2010). Such measures can reduce environmental impact 
of buildings and are recognised as such by their inclusion in the environmental assessment tools which are 
used to evaluate the levels of sustainability achieved in green buildings such as BREEAM and GreenStar 
(Langston, 2010). 
 
Other sustainability measures that may be adopted include reusing timber and using timber from 
renewable certified sources. Furthermore using carpets, paints, sealants, glues and adhesives with low 
Volatile Organic Compounds (VOCs) incorporates sustainable materials into buildings (GBCA, 2010). If 
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possible the provision of bicycle storage and shower facilities encourages users to adopt more 
environment friendly transportation. It is clear there are a range of measures which may be adopted and 
the list above is not exhaustive, however each building has to be assessed on its merits and with its’ 
heritage listing to identify specifically those parts which may be retrofitted with sustainability measures 
and satisfy the relevant statutory controls.  
 
The social sustainability of the building is considered by stakeholders and within environmental 
assessment tools. Social sustainability is a broader concept and relates to society, the community and /or 
individual people. An illustration of social sustainability is the notion that sustainable buildings are 
healthier for people due to the specification of materials that do not contain chemicals which can be 
detrimental to human health (Clements-Croome, 2006). Another example of social sustainability is 
building aesthetics where buildings having pleasing aesthetic qualities enhance the surrounding areas in 
which the building is located and enhance the urban environment in which they are sited. 
 
A powerful argument for economic sustainability is the view that sustainable buildings are healthier 
buildings which result in less employee absenteeism due to sickness and result in higher productivity thus 
increasing the overall profitability of business occupiers (Clements-Croome, 2006).  Lower operating costs 
within sustainable buildings are a further driver and powerful argument for implementing sustainability 
within office buildings, especially given increasing energy costs. Given the examples above it is evident 
that there can be a close and often overlapping relationship between the three components of the triple 
bottom line.  
 
In this paper the potential for integrating a broad range of economic, environmental and social 
sustainability measures are explored in the context of the type and extent of adaptations that have been 
undertaken to heritage buildings from 1998 to 2008 in the Melbourne CBD .  
 
Property attributes in adaptation  
Previous studies have identified property attributes which are either important in adaptation or affect 
adaptation (Kincaid 2002, Snyder 2005). For a fuller discussion on building adaptation and property 
attributes readers are referred to Wilkinson et al (2009). This paper focuses on attributes which were 
found to be important in the context of heritage buildings, sustainability and adaptation; the number of 
adaptations overall, trends over time, age, location, building quality, aesthetics, plan shape and building 
height. Some of these attributes are associated with sustainability such as building quality as defined by 
the Property Council of Australia whereby office buildings are classified as Premium grade, through A, B C 
and lastly D grade. Premium grade offices typically have the best quality services for example the fastest 
lifts and air conditioning which results in high operating costs per metre squared and consequently high 
greenhouse gas emissions. However it is also true to say that lower grade offices with older services 
installations can have higher running costs. Aesthetic qualities are a measure of social sustainability in the 
context of this research.  
 
Building age has an important affect on adaptation; as buildings age they wear out and need components 
repaired or replaced (Douglas, 2006). Barras & Clark (1996) and Baum (1991) argued the correlation 
between time and building obsolescence, establishing that as time passes adaptation of some form is 
necessary to avert a decline which otherwise leads to demolition. Previous studies considered location 
and its affect on adaptation as important. Some properties are sited in favourable locations which 
enhances the frequency and likelihood of adaptation (Kincaid, 2002; Douglas, 2006; Highfield, 2000). 
Building location within a geographical area can be interpreted into zones, in Melbourne the city is 
grouped into five zones from Prime, Low Prime, High Secondary, Low Secondary to Fringe. The best 
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location is Prime where the highest rental and capital values are to be found and there is a view that 
buildings in better locations are likely to undergo more adaptation (Swallow 1997, Ball 2002). Depending 
on the condition of the original building it is possible to increase the overall quality with adaptation (Boyd 
and Jankovic 1993, Swallow 1997, Snyder 2005, Kersting, 2006). Building quality is measured in various 
ways, it can be either provision of a greater number of amenity features, attributes and, or a higher 
standard of services, features, fixtures and fittings. In Australia, offices are graded by the Property Council 
of Australia (PCA) as Premium (the best quality and highest rental levels), A, B, C and D grade.  Grade D is 
the lowest office grade with the least level of services and amenity and the lowest rental levels. It is 
possible with adaptation to increase the quality grade from one band to another and increase the rental 
and capital value of the building, however the capacity to do this is dependent on the condition and 
location of the building (Boyd et al. 1993, Swallow 1997, Snyder 2005, Kersting 2006).    
 
Ohemeng (1996) found that aesthetics was an important attribute in determining whether or not a 
building was adapted in his UK study of 400 building owners. Plan shape was an important attribute in 
adaptation and that some plan shapes such as deep plan shapes were easier to adapt than others such as 
irregular shaped ones (Kincaid, 2002; Povall & Eley in Markus, 1979). Building height or the number of 
storeys in a building was found to effect adaptation in studies conducted by Povall & Eley (in Markus 
1979) and Gann & Barlow (1996).  
 
 
Research approach   
A database of Melbourne CBD office buildings was assembled to understand the nature of adaptation and 
the extent and scope for sustainable  adaptation using multiple sources such as the commercial database 
Cityscope, and public databases such as PRISM (Victorian Government) and the Heritage database. In 
addition data from the Property Council of Australia, Google Earth and Google Streetview 
(www.google.com.au/maps) was used to gather building related data (PCA 2007). Information relating to 
adaptation events was derived from the records for building permit applications. Finally, visual inspections 
and photographic records of CBD buildings were undertaken. Following validation, the database contains 
records for 13222 adaptation events to commercial buildings from 1998 to 2008, with full address details 
for 6507 adaptation events. Given the objectives; to understand the nature of adaptations to heritage 
office stock and the extent and scope for sustainable adaptation of heritage office buildings, analysis of 
the database presents an opportunity to scope the nature of existing buildings using multiple sources.  
 
The criteria used to establish the potential for sustainability in the adaptation of heritage buildings were, 
number of adaptations, building age, adaptation trends by year, location, building quality, aesthetics, plan 
shape and height. 
The criteria above allow the research to provide an overview of what has happened on a CBD scale with 
adaptations to commercial heritage buildings. This exploratory study aims to determine the extent of the 
potential for the scope of sustainability in adaptations within the Melbourne CBD, therefore details on the 
individual characteristics of the buildings is not examined or presented here. Langston (2010) showed that 
the application of models to evaluate a buildings potential for adaptation, such as the adaptive reuse 
potential (ARP), can assist stakeholders to evaluate the optimum time for adaptive reuse. This paper adds 
to the body of knowledge of adaptation in respect of analysing adaptations stock between 1998 and 2008 
and comparing the similarities and differences to heritage and non heritage stock.  
 
 The results of this research will enable Heritage Victoria, the City of Melbourne and other stakeholders to 
evaluate on a cost-benefit analysis, the desirability of developing and pursuing incentives to roll out a 
programme for sustainable adaptation of heritage office stock. The results allow other municipalities to 
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reflect on the potential of their heritage stock to accommodate a sustainable adaptation programme.  The 
results presented in this paper are a uni-variate and a bi-variate analysis of the data.  
 
Defining the CBD area 
The research sought to investigate activity in a well developed, mature commercial market and a 
preliminary task was to define the area for the study. The Melbourne CBD was the first area laid out in 
1834 by the surveyor ‘Hoddle’, it has been continuously occupied and is the most mature property market 
in Victoria with potential for high levels of heritage stock. The streets within the CBD area are as Flinders 
Street (southern boundary), Spencer Street (western boundary), Spring Street (eastern boundary) and La 
Trobe Street (northern boundary) highlighted in figure 1. 
 
Figure 1 CLUE block and region map Melbourne 
 
 
 
Data analysis  
Of the total adaptation events, 23.8% occurred to buildings which are either listed or have heritage 
overlays indicating nearly one in four adaptations has heritage issues (figure 2). This is a significant 
minority and signifies that authorities need to pay attention to the opportunities for integrating 
sustainability measures into heritage stock. Relatively speaking there are more frequent opportunities to 
do this compared to non heritage stock.  
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Figure 2 Total adaptations to listed / heritage overlay and non-listed/overlay stock.  
 
When the age profile of heritage and overlay stock adapted is examined, contrary to what might be 
assumed it is the newer heritage and/or overlay stock which is more frequently adapted to meet changing 
market and tenant needs. It is also a reflection that the average of the office stock in the Melbourne CBD 
is only 31 years (Jones Lang LaSalle, 2005) and demonstrates the high levels of demolition and 
replacement of buildings that has occurred in the CBD since the 1830s.  Figure three shows that generally 
newer stock is adapted across the whole age profile however this may be partly a result of the types of 
heritage and/or overlay buildings within those age groups. That is to say, newer heritage stock is more 
likely to be sky-rise and high-rise property constructed in the post-war period which tends to experience 
multiple adaptation events to individual floors as well as on a whole building basis. Given the broad 
definition of adaptation adopted for this study and the nature of the stock in the database, it is clear that 
many adaptations occurred to floors within high rise buildings more so than adaptation to entire 
buildings. 
 
Figure 3 Adaptations to listed / heritage overlay stock by age.  
 
On a year by year analysis the trend lines show adaptations to heritage and non heritage stock are 
increasing, however the rates of adaptation to non heritage stock is increasing at a slightly steeper rate 
(figure 4). This may be due to the total amount of unlisted stock compared to listed stock and that the 
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unlisted stock is at an age where adaptation is required. The average age of commercial CBD stock was 31 
years in 2005 and this suggests that most stock was at age where major adaptations were necessary 
within the time period covered by this study (Jones Lang LaSalle 2008).  Major retrofits on commercial 
stock are typically performed around the 20 – 25 year age mark (Duffy in Brand 1994.). Overall the results 
show increased adaptations and increased opportunity for owners to incorporate sustainability measures 
in heritage adaptations.  
 
 
Figure 4 Adaptations to listed / heritage overlay and non listed/overlay stock by year.  
 
  
 
 
 
Adaptation was then examined in terms of CBD location under the classifications ‘Prime’ to ‘Fringe’ as 
described previously. Most adaptation events occurred in low secondary locations, followed by low prime 
and prime locations (figure 5). The high secondary location was fourth placed with the least adaptations in 
the fringe location. Taken together however, the higher quality locations – prime and low prime account 
for 49.6% of all adaptations, thus more opportunities for sustainable adaptations occur in higher quality 
locations. Significantly the gap between the amount of heritage and non heritage adaptations is greatest 
in the fringe location and the least gap occurs in the prime location. This is not unexpected given that 
buildings in the prime location need to be maintained to retain market appeal and tenants and many 
heritage buildings are sited in prime locations. Not only are some older lower rise buildings sited in prime 
locations but also some of the sky-rise office buildings in the Melbourne CBD are now listed or have 
heritage overlay and these properties are often subject to adaptations to single floors which results in a 
high total number of adaptations. The proportion of adaptations in low prime and low secondary is similar 
at 22.7% and 20.8% respectively.  
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With heritage adaptation and the amount of adaptation by building quality the unit of measurement 
adopted was the Property Council of Australia Building Quality Matrix (PCA, 2007). The results showed the 
highest proportion of adapted heritage / overlay buildings to non heritage buildings were Premium quality 
(figure 6). Some sky-rise buildings, which are Premium grade PCA, are listed or have heritage overlays and 
the amount of adaptation of listed to non listed buildings is least in this category. On a per metre squared 
basis Premium buildings have the highest levels of energy and water consumption, and thus there is a 
more regular opportunity to reduce consumption on an individual tenant basis to premium heritage 
buildings (Wilkinson & Reed, 2008).  
 
 
Figure 5 Adaptations to listed / heritage overlay and non listed/overlay stock by location.  
 
 
 
 
 
 
Conversely the A and B grade stock revealed a wider gap between the amount of adapted listed and 
unlisted stock. Furthermore there is a large amount of adapted stock, both heritage and non heritage, 
which was not classified by the Property Council of Australia. Listed D grade stock was least likely to 
undergo adaptation followed by A grade buildings. The highest probability for sustainable heritage 
adaptation lies with premium stock, B grade followed by unclassified stock. Though the number of B grade 
heritage buildings adapted is larger than unclassified and premium, the proportion of heritage to non 
heritage adaptation in these groupings is lower. 
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Figure 6 Adaptations to listed / heritage overlay and non listed/overlay stock by Property Council of 
Australia Grade.  
 
Figure 7 illustrates the relationship between aesthetics and adaptation and compares the listed or 
heritage overlay stock to the unlisted stock. Aesthetics can be considered as an attribute of social 
sustainability. The stock was graded according to objective criteria set out by Zunde (1989) for judging 
aesthetic merit in buildings. It is acknowledged that this is a relatively crude method of measuring 
aesthetic merit however it does allow some analysis to be made at a large scale.  Not surprisingly buildings 
with heritage overlay largely fell into the categories of having positive aesthetic qualities (86.43% scoring 
3 or less on a 5 point scale where 1 is the highest aesthetic quality and 5 is the lowest).  The trend lines 
show that non heritage buildings are proportionally less likely to be adapted if they are less aesthetically 
pleasing and these results confirm Ohemeng’s findings (Ohemeng, 1996). In other words, ‘ugly’ buildings 
are less likely to be adapted and greater scope for sustainable retrofit lies with buildings which are more 
aesthetically pleasing, and a higher proporion of heritage stock is aesthetially pleasing.  
 
Figure 7 Adaptations to listed / heritage overlay and non listed/overlay stock by aesthetics.  
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Deep plan buildings tend to consume more energy than narrow plan stock because of the high levels of 
lighting and air conditioning required to illuminate and circulate fresh air to all parts of the floor plate, in 
this respect they offer good potential for improved environmental sustainability.  Buildings with deep plan 
floor plates underwent most adaptations, around a quarter of all adaptations (figure 8) and therefore 
offer potential for reducing energy consumption through the specification of low energy lighting and 
energy efficiency air conditioning systems. The second highest number of adaptations occurred to 
buildings with irregular plan shapes and a quarter of these buildings are heritage. Fewest adaptation 
events occurred to wide plan buildings, with around a quarter being heritage buildings. Narrow plan 
buildings had the second least number of adaptations and also the least proportion of which were 
heritage. No heritage buildings had curved plan shapes and were adapted during the time frame covered 
by the research study. Therefore most potential for sustainable retrofit lies with the adaptations to deep 
plan heritage stock followed by irregular shaped buildings. With higher energy consumption in deep plan 
floor plates there is greater opportunity for reducing building related greenhouse gas emissions. 
 
 
Figure 8 Adaptations to listed / heritage overlay and non listed/overlay stock and plan shape.  
 
 
Buildings were grouped into four categories; low-rise (up to 6 stories), medium-rise (7-21 stories), high-
rise (21-45 stories) and sky-rise (46 storeys plus) to determine the relationship between heritage, 
adaptation and height. Contrary to the notion of heritage stock being low-rise Victorian or Edwardian 
stock, this research shows that sky-rise stock is most likely to have the highest proportion of heritage 
adaptations (figure 9).  
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Figure 9 Adaptations to listed / heritage overlay and non listed/overlay stock and number of stories.  
 
 
 
 
This is likely to be due to the early listing of the ground breaking, technologically innovative structures 
which high-rise buildings tend to be, such as The Rialto Towers in Bourke Street. The highest total number 
of heritage overlay adaptations by height occurred to medium-rise buildings with 560 events. Low-rise 
heritage overlay stock had the least number of adaptations. As far as sustainability is concerned high-rise 
buildings typically consume more energy because of the high speed lifts and services required to meet the 
tenants and market demands. The finding is that a reasonable number of the sky-rise adaptations are to 
heritage stock and there is potential to retrofit more energy efficient services at these times.  
 
Conclusions & further research  
 
There are a number of findings from preliminary study. In particular the research has determined the 
nature of adaptations in relation to heritage and non heritage stock in the CBD and the extent and scope 
for sustainable retrofits to heritage buildings. The ten key findings are; 
 
1. There is much scope for sustainable adaptation as 23.8% of all events occurred to heritage and/or 
overlay buildings.   
2. There was a growing trend for adaptations and the opportunity for owners to engage in 
sustainable adaptations is increasing over time. 
3. More opportunity for sustainable adaptation occurs in ‘prime’ and ‘low prime’ locations which 
account for 49.6% of all adaptations.  
4. The gap between the amount of heritage and non-heritage adaptations is greatest in the ‘fringe’ 
location and the least gap occurs in the ‘prime’ location. 
5. Some sky-rise office buildings are now listed or have heritage overlay and these properties are 
often subject to adaptations to single floors which results in high numbers of adaptation events. 
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6. A high proportion of heritage buildings which underwent adaptation were Premium; the highest 
consumers of energy and water and the most frequent opportunity for sustainable heritage 
adaptation is to individual tenancies in Premium heritage buildings. 
7. More oppportunity for sustainable adaptation lies with aesthetically pleasing buildings and high 
proporions of heritage stock are aesthetially pleasing.  
8. The most potential for sustainable adaptation on the basis of plan shape lies with the deep plan 
heritage stock followed by irregular shaped buildings. 
9. A reasonable number of the sky-rise adaptations are to heritage stock and it is erroneous to 
assume that heritage buildings are typically low rise. 
10. There is potential for sustainable adaptation by adopting more efficient services to sky-rise 
heritage stock.   
 
The results reveal the nature and adaptation in the CBD and outline the attributes which offer the best 
scope for sustainable adaptation. The database will facilitate analysis of heritage adaptations on an 
individual building basis to determine adaptation profiles for typical building types and this is the next 
stage of this research. 
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Examining and quantifying the drivers behind alterations and extensions to 
commercial buildings in a central business district 
Abstract:  The drive to undertake building adaptation has increased momentum; the 
primary reason being adaptation can be less expensive than new build and 
conventionally result in faster project delivery times.  The issue of sustainable 
development is another clear driver for adaptation and collectively buildings 
contribute around half of all greenhouse gas emissions. At the same time 
governments seek effective and efficient ways of reducing the contribution of cities 
to climate change and building adaptation appears to offer a practical means of 
reducing building related emissions.  One example is the ‘1200 building program’ 
which aims to increase adaptation rates with a target of 1200 city centre office 
adaptations  by 2020 as part of the strategy to achieve carbon neutrality.  Through a 
longitudinal examination of building adaptations it is possible to identify the nature 
and extent of typical levels of adaptation, as well as determining the inter-
relationship between different types of adaptation and building attributes. Using 
Melbourne city centre for a case study this research analysed 5,290 building 
adaptation events between 1998 and 2008.  The findings promote the adaptive reuse 
of buildings in specific circumstances and are directly applicable for increasing 
sustainability in the built environment.  The case study used existing buildings in a 
global city to ensure relevance to urban centres where existing commercial 
buildings can become part of the solution to mitigate climate change. 
Keywords: adaptive, Australia, commercial property, refurbishment, sustainability. 
Introduction 
With the drive to reduce the contribution of cities to climate change and global warming, building 
adaptation appears to offer a direct means of reducing building related greenhouse gas emissions.  An 
example of a policy driver is the ‘1200 building program’ developed by the City of Melbourne which aims 
to adapt 1200 central business district (CBD) properties with sustainability measures before 2020 as part of 
their initiative to become carbon neutral (Lorenz et al 2008). Both the rate and scope of building adaptation 
will have to increase to meet this target and the strategy, therefore: what can stakeholders in the built 
environment learn from the patterns of previous adaptation practices to inform the future? Through an 
examination of building adaptations in cities centres it is possible to identify the nature and extent of typical 
levels of building adaptation, which will then highlight the relationship between adaptation levels and 
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building attributes. The research question this paper addresses is: What is the nature of the relationships 
between (a) building adaptation events in the CBD classified as ‘alterations and extensions’ and (b) 
building attributes? 
The emphasis was placed on the nature of the relationships between previously identified (a) building 
adaptation events classed as ‘alterations and extensions’ in the Melbourne CBD between 1998 and 2008 
and (b) building adaptation attributes identified in the literature as being important decision-making factors.  
Previous studies have attempted to conduct large scale detailed studies but have been limited due to barriers 
such as data restrictions and reliability issues. This study overcomes these limitations with every building 
adaptation event which occurred in the Melbourne CBD between 1998 and 2008 examined in detail. 
Defining building adaptation  
Building adaptation is defined as: “any work to a building over and above maintenance to change its 
capacity, function or performance’ in other words, ‘any intervention to adjust, reuse, or upgrade a building 
to suit new conditions or requirements” (Douglas 2006).  This is a broad definition and enables an analysis 
of a wide range of building adaptations both within use and across use and also from minor to major works. 
In the context of this research ‘adaptation’ refers to changes to buildings and not to the measures used to 
respond to consequences of climate change.  
Factors influencing building adaptation and measurement issues 
Previous studies identified and grouped factors affecting building adaptation under categories of economic, 
social, environmental, technological, legal and physical where these categories have been clearly defined in 
previous research (see Wilkinson et al. for a detailed description of factors (2009a, 2009b). The key issue to 
resolve when evaluating the potential for adapting an existing building has not been the identification of the 
individual factors influencing adaptation, rather assessing the degree of the importance of different 
attributes within an adaptation.  
 
Factors have been identified to assess the potential of vacant office buildings for change of use adaptation 
to residential (Remøy and van der Voordt 2007). An evaluation checklist was divided into ‘location’ and 
‘building’ specific attributes and comprised a checklist where higher scoring buildings were deemed less 
suitable for adaptation than lower scoring stock. Seven location-based factors including ‘urban situation’ 
and ‘proximity to other facilities’ were adopted with eight building-related factors including ‘potential for 
lateral and vertical extension’ and ‘structural condition’ to assess whether a building had low or high 
potential for change of use adaptation. Remøy and van der Voordt’s (2007) work followed on from an 
earlier study by Geraedts and de Vrij (2004) which developed a ‘transformation meter’ to assess adaptation 
potential in Dutch offices. A model was proposed with an initial tool referred to as ‘Quick Scan’ which 
identified whether there was an enthusiastic developer, willing seller, the possibility of rezoning for 
planning if needed and whether a scheme would be economically viable based on approximate costings. 
The final stage comprised a checklist to identify risks with adaptation and a good range of factors were 
identified however there was no assessment of whether any factor, such as the physical condition of the 
building, was more or less important than design attributes such as building width. It should be noted also 
that these studies focused specifically on change of use adaptation only.  
 
Langston et al (2007) developed the Adaptive Reuse Potential (ARP) Model which used varying types of 
obsolescence as measures of adaptation criteria. The criteria were physical which measured maintenance 
policy and performance; economic measuring building location and population, functional which assessed 
the flexibility of layout to accommodate change, technological which measured operational energy, social 
which measured user demand and finally legal which measured building quality.  Six aspects of 
obsolescence determine the ‘useful life’ from an equation which states that ‘useful life’ is discounted 
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physical life, and uses the method of discount, where the discount rate is the sum of the obsolescence 
factors per annum. Each of the six criteria used in the model were weighted equally and other influencing 
factors identified by previous studies were not evaluated. Langston et al. (2007) concluded a building with 
the maximum reduction for each type of obsolescence will have a useful life calculated at about one-third 
of its physical life. An index that prioritises buildings according to their ARP then expresses this potential 
as a percentage. The ARP model is relatively easy to use and provides a measurable outcome although it is 
based on a limited number of factors. 
 
Other limitations with this approach, as Langston et al (2007) stated, are questions about rankings which 
are influenced by the building’s age and the need to include other factors such as the social, economic and 
environmental advantages of adaptation. Moreover a focus on single factors such as monetary issues leads 
to biased decision-making, clearly the measurement of adaptation attributes are multiple and complex. This 
is further compounded as with the drive towards sustainability, social and environmental factors become 
more important and in some respects less easy to quantify because they are less tangible by nature. 
Langston et al. (2007) quantified adaptive reuse potential and noted issues with models having narrow 
focus, high expense and complexity.  
 
Some earlier studies identified attributes perceived to influence adaptation, see Wilkinson et al. (2009a, 
2009b) for a detailed discussion of the different attributes. The attributes used in this current study focused 
on those attributes found to be important in adaptation.  A study of vacant industrial buildings in Stoke on 
Trent argued the local economy contributed to adaptation (Ball 2002), for example where areas experience 
economic decline incentives are required to encourage building adaptation. The same study concluded that 
physical building attributes were deemed important by stakeholders involved in the process such as age, 
physical condition, heritage value and size (i.e. smaller buildings were more marketable).  These findings 
complemented an earlier study which concluded building quality and character were determinants of 
successful adaptation as they provided a sound construction on which to work and delivered buildings 
which have high appeal to users and purchasers, however the study was limited to a survey of 15 firms in 
adaptation and provided no major statistical analysis (Ball 1999).  A study of Italian education buildings 
concluded that building accessibility was a critical success factor related to the ease of the construction 
works, along with building layout and flexibility for a range of differing uses (Fianchini 2007). The study 
was limited to one university and did not facilitate a more broad examination of the relationships between  
the adaptation influencing factors. 
 
A landmark study observed a relationship between age and obsolescence in an examination of London 
offices Barras (1996). The work showed that as buildings age they become more prone to obsolescence 
which impacts on their capital and rental value. The result is that changes are needed in the form of 
adaptations to defer obsolescence and age is linked with economic viability.  
Physical attributes impact on adaptation potential and should be considered in decision- making, Gann and 
Barlow (1996) showed the technical issues in adapting offices were size and height, depth, structure, 
envelope and cladding type, internal space layout and access, services, acoustic separation and fire safety. 
Other physical attributes included site (e.g. car parking, orientation, external noise and external access), size 
(e.g. floor area, height, depth, floor shape, grids, and floor to ceiling height), structure (e.g. penetration for 
services), envelope (e.g. cladding and thermal issues), services (e.g. to meet new use requirements), 
acoustic separation (e.g. floors and partitions, flanking transmission) and fire protection (e.g. means of 
escape, brigade access, detection and alarms, prevention of spread of flames).  
 
Location is clearly an important criterion for adaptation with older buildings occupying prime sites 
considered ripe for urban regeneration and redevelopment (Ball 1999; 2002). Ellison and Sayce (2007) 
noted that within the paradigm of sustainability, location can be interpreted in a new way, as accessibility to 
the building’s user group and transport nodes such as rail and bus transport systems which add to the 
desirability of a property for adaptation. It was possible to include some but not all of the attributes 
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identified by previous studies because of the retrospective nature of this research which examined 
adaptations which occurred in the Melbourne CBD from 1998 to 2008.  The building adaptation attributes 
identified in previous research and used in this study are listed below: 
 
• Building use classification 
• Street number 
• Street name 
• Street address 
• Property suburb 
• Description of building  
• Site area  
• Net lettable area   
• Floor plate size  
• Typical Floor Area  
• Total Building Area  
• Location of vertical services  
• Property Council of Australia building quality grade  
• Existing land use  
• Internal layout - columns  
• Internal layout (open plan or cellular office space) 
• Cost in use profile - gross income 
• Street frontage (width) 
• Cost in use profile - operating expenses  
• Aesthetic qualities  
• Type of construction  
• Plan shape  
• Elasticity potential - lateral (flexibility)  
• Elasticity potential - vertical (flexibility)  
• Site orientation 
• Historic listings  
• Purpose built for current use  
• Purpose built commercial  
• Historic listing  
• Site boundaries  
• Site access  
• Building envelope and cladding  
• Number of storey’s  
• Tenure type (ownership)  
• Building envelope and cladding condition  
• Year built  
• Proximity to transport   
• Zoning  
• Proactive legislation  
• Hostile factors (includes noise, smells,  contamination, proximity to power station) 
• Roof overshadowed  
• Refurbishment type  
• Number of refurbishments 
• Year refurbished  
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• GreenStar rating  
• National Australian Building Environment Rating System (NABERS) rating  
• Australian Building Greenhouse Rating (ABGR) 
• User demand - for lease or sale 
• Parking  
• Electricity consumption $/m sq. by Property Council of Australia building quality grade  
• Gas consumption $/m sq by Property Council of Australia building quality grade  
• Water consumption $/m sq. by Property Council of Australia building quality grade 
• Occupants  
• Number of Car Bays  
• Occupant Classification 
Degrees and types of adaptation  
There are different attributes which influence building adaptation and also varying levels of adaptation 
ranging from minor to major. In a study of the London office market all types of building adaptation were 
classified into four levels (Kincaid 2002). Arup and the Property Council of Australia (2008) developed a 
similar approach with a five level classification, however Kincaid (2002) and Arup and the Property 
Council of Australia (2008) varied what they included within their respective definitions of adaptation and 
what is included in minor and major works. Minor works include work such as redecorations and retention 
of the existing external fabric with minor modifications externally (Kincaid, 2002), whereas Arup and the 
Property Council of Australia (2008) included installation of blinds, revision of the space plan and 
redecorations in low level works. High change adaptations include replacing external fabric, changing 
building structure and reconfiguring internal space (Kincaid, 2002). Complete adaptation is where only sub-
structure, superstructure and floor structure is retained and substantial alterations occur to the façade (Arup 
and Property Council of Australia, 2008). In the same model it should be noted that demolition is included 
and occurs when no suitable cost effective adaptation can be accommodated; the starting point is after the 
decision has been taken to adapt and the remaining choice is about deciding the optimum level of 
adaptation. Another layer exists where there are different types of adaptation such as ‘within use’ and 
‘across use’ or ‘change of use’ adaptations to consider (Ellison & Sayce, 2007). In Wilkinson et al. (2009b) 
other issues such as the stakeholder perspectives and potential adaptation outcomes were discussed.  
 
Minor works (i.e. the least work undertaken), alterations works (i.e. including revisions to the space plan, 
redecorations and retention of the existing external fabric with minor modifications externally), change of 
use (from one land use to another, office to residential), alterations and extensions (major work including 
reconfiguring internal space, changes to the structure and fabric, services and decorations), demolition and 
new build were examined (see summary in Table 1). The focus of this paper is placed on adaptive reuse and 
accordingly only building adaptation events classified as ‘alterations and extensions’ (level 4) are examined 
further.    
Table 1 Building adaptation level and title 
 
Adaptation level Title 
Level 1 Minor  
Level 2 Alterations  
Level 3 Change of Use  
Level 4 Alterations and extensions 
Level 5 Demolition  
Level 6 New build  
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Methodological issues  
 
Building adaptation and the associated decision-making process is a complex issue with multiple variables 
to consider. Previous studies (see Remøy and van der Voordt 2007; Langston et al. 2007) have confirmed 
the accurate identification of the factors influencing adaptation can be challenging and relatively subjective.  
To overcome these barriers this research adopted an innovative approach and compiled a comprehensive 
database with detailed records of all adaptation events.  Therefore this study did not rely on individuals 
personal preferences although it identified and evaluated a large number of building adaptation events. 
The challenge is manifold, firstly it is to develop a model which is not narrowly based on a limited number 
of attributes of which the relative importance in adaptation is unknown, except anecdotally. Secondly, it is 
to avoid expensive, time consuming and complex tools and thirdly it is to avoid potential bias. This paper 
deals with the first step in the process which is to identify the attributes which are important in building 
adaptation from non biased sources.  
Research Method 
 
Previous studies examining the criteria for building adaptation adopted a case study approach based on in-
depth analysis of a relatively small sample of buildings (Austin 1988; Barras and Clark 1996; Ohemeng 
1996; Blakstad 2001; Heath 2001; Ball 2002; Kincaid 2002; Kucik 2004; Arge 2005; Remøy and van der 
Voordt 2007).  From these studies adaptation criteria were identified, however the approach is 
fundamentally different due to the detailed volume of data and the method used.  Firstly adaptation criteria 
were indentified and formed the fields for the building attribute database.  
 
A building attribute database of commercial buildings in the Melbourne CBD was assembled and populated 
from sources including the ‘Cityscope’ database (R P Data 2008) and through commercial data produced by 
the Property Council of Australia (Property Council of Australia 2007). Building adaptation events were 
extracted from building permits received by the Building Commission in Victoria with supporting 
information gathered by visual building surveys. The building attribute database included variables listed 
above which were coded as physical, social, legal, economic and environmental attributes of adaptation.  
The risk of an unrepresentative sample was avoided through the adoption of a census approach.  Every 
building adaptation event between 1998 and 2008 within the Melbourne CBD is examined and in total 
13,222 building adaptation events occurred.  
 
The preliminary task was to define the geographic area for the study which is representative on a global 
scale; this research sought to investigate activity in a well developed, mature commercial market. The CBD 
was the initial area laid out in Melbourne in 1834 and has been continuously occupied since.  In a similar 
manner to other international cities this area has remained the most mature property market in Victoria with 
the highest level of demand.  
Principal Component Analysis (PCA) 
 
It is generally accepted that PCA is a reliable, proven method of highlighting dimensions in cross sectional 
data (Horvath 1994) with the capacity to uncover, disentangle and summarise patterns of correlation within 
a data set (Heikkila 1992). PCA condenses information contained in a number of original variables into a 
smaller set of new composite factors with a minimum loss of information (Hair et al. 1995) and was used to 
reduce the dimensionality of office building attribute data relating to adaptation in the CBD between 1998 
and 2008. All building adaptation attributes were examined to identify the degree of variance explained 
with the objective being to identify the highest level of variance explained by an interpretable group of 
factors. Initially all variables were entered into the PCA to produce a smaller number of components where 
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factors with Eigenvalues exceeding 1.0 were retained. The factors were rotated using an oblique ‘Oblim’ 
rotation method with a final result being a table of identifiable factors which includes the loadings of 
individual building attributes.  
 
7,393 building adaptation events occurred between 1998 and 2008 in the CBD to commercial buildings for 
which full address details could be determined. 5,290 were ‘alterations and extensions’ 0.71 of all 
adaptation events. Assigning meaning involves interpretation of the pattern of the factor loadings and is 
somewhat subjective (Hair et al. 1995). Following an analysis of the loadings across the factors the 
minimum threshold was 0.5 as recommended by Tabachnick & Fidell (2001). With the list of each factor 
containing high loading building attribute variables, the researcher assigned factor names. This analysis 
examined all events classed as ‘alterations and extensions’ the most extensive degree of adaptation in the 
study and coded as level 4 adaptations.  
Procedure  
Steps 1 & 2  
 
After the initial extraction using 42 variables, the reduced variables retained for ‘alterations and extensions’ 
adaptation events (level 4) were: 
1. Aesthetics 
2. Vertical services  
3. Parking 
4. Street frontage (metres)  
5. Historic listing  
6. Number of storey’s (height)  
7. Age in 2010  
8. Typical Floor Area  
9. GFA  
10. Property Council of Australia building quality grade 
11. Site boundaries  
12. Site access  
13. Property location 
 
Step 3  
The first heading under initial Eigenvalues shows the variance explained by each of the thirteen variables 
(Hinton et al. 2004). Three components explain 0.73 of the original variance. The third section shows the 
Eigenvalue of each of the three rotated components. Note that as the components are correlated with each 
other there is some overlap in the variance explained by each factor (Francis 2007). The total amount of 
variance explained by the three components cannot be obtained by adding the three Eigenvalues. For the 
rotated solution the factor loadings are given in the table headed Pattern Matrix (table 3) and correlations 
are given in the table 4. Table 2 shows the three components for this PCA. 
 
 
 
 
225 
 
 
Table 2. Total Variance Explained PCA Level 4 adaptation events 
Componen
t 
Initial Eigenvalues 
Extraction Sums of 
Squared Loadings 
Extraction 
Sums of 
Squared 
Loadings 
Rotation Sums 
of Squared 
Loadingsa 
Total 
% of 
Variance 
Cumulative 
% Total 
% of 
Variance Cumulative % Total 
1 5.832 44.86 44.86 5.83 44.86 44.86 5.79 
2 2.572 19.78 64.65 2.57 19.78 64.65 2.33 
3 1.214 9.34 73.98 1.21 9.34 73.98 1.92 
4 0.858 6.60 80.58     
5 0.761 5.85 86.43     
6 0.614 4.72 91.15     
7 0.387 2.97 94.12     
8 0.290 2.23 96.36     
9 0.255 1.96 98.32     
10 0.118 0.91 99.23     
11 0.053 0.41 99.63     
12 0.042 0.32 99.95     
13 0.006 0.05 100.00     
Extraction Method: Principal Component Analysis. 
 
Table 3. Pattern Matrix for Level 4 adaptation events 
 
 
Component 
1 2 3 
Number of Storey’s 0.96 0.05 0.05 
GFA 0.96 -0.01 0.04 
Property Council of Australia building 
quality grade 
-0.82 0.02 0.12 
Site boundaries 0.78 0.20 -0.01 
Typical Floor Area 0.74 -0.05 0.06 
Site access 0.74 -0.06 0.30 
Parking 0.43 -0.01 0.42 
Street frontage (metres) 0.23 0.89 0.02 
Vertical services location 0.04 0.86 0.03 
Property location -0.63 0.70 0.13 
Historic listing -0.18 0.18 0.82 
Age in 2010 -0.48 -0.12 -0.63 
Aesthetics -0.20 -0.14 0.49 
Extraction Method: Principal Component Analysis. 
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Results  
Component One  
 
The variables number of storey’s, Gross Floor Area (GFA), Property Council of Australia building quality 
grade, site boundaries and typical floor area and site access are highly loaded on component 1 (table 3). 
These variables explain 0.44 of the original variance where the component one has six variables, three 
relating to the physical dimensions and size of the property in terms of floor area and height (i.e. physical 
attributes). Of the remaining variables, two related to site boundaries being (a) the degree of attachment to 
neighbouring buildings and site access and (b) the number of access points to the building. It is possible to 
refer to these attributes as ‘physical and size’.  The final variable ‘Property Council of Australia building 
quality grade’ is strongly and negatively loaded and relates to building quality. With a loading of .43 
‘parking’ is too weak to be included in the final interpretation.  
Component Two  
 
Three variables were loaded very high to high on component two; street frontage, vertical services location 
and location (table 3) and they explained 0.19 of the variance. In this component the variables were 
influenced by land and design factors. The street frontage or width of the land parcel and the location of the 
property relate to land attributes. The vertical services are a design attribute that influence the flexibility of 
the space plan to adapt to different configurations of the floor plate.  
 
Table 4. Summary of Level 4 PCA Component Categories 
 
 
Component 
number 
 
Component 
name 
 
Component variables 
1 Physical and 
size 
Height (number of storeys) 
Gross Floor Area (GFA) 
Property Council of Australia building quality grade 
Site boundaries 
Typical floor area 
Site access 
2 Land  Street frontage 
Vertical services location 
Property location 
3 Social  Historic listing 
Age 
Aesthetics 
 
Component Three  
 
The variables historic listing and age are very strongly and moderately loaded on component three and 
explained 0.09 of the variance (table 3). Age is negatively loaded. Aesthetics is loaded on component three 
and relates to building appearance indicating that buildings having a poor appearance, i.e. outdated or worn, 
are less likely to be adapted. The variables can be collectively described as social. Table 4 summarises the 
main PCA component categories and the component names ascribed by the interpretation. 
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Discussion of ‘alterations and extensions’ adaptations 
 
‘Alterations and extensions’ adaptations are those involving the most extensive works. The highest number 
of events featured in this category, illustrating that owners of Melbourne office buildings were more likely 
to engage in this type of adaptation than any other from 1998 to 2008, and this level of adaptation indicates 
high levels of confidence in the market. In other words ‘alterations and extensions’ adaptations recoup the 
investment through higher rental yields, increased capital values and lower vacancy rates than if the 
building was unaltered or adapted to a lesser extent.  
Component One - physical and size 
 
This component contained all the variables in component one for the PCA to ‘alterations’ adaptations (level 
2), see Wilkinson et al. (2010) for a description of the PCA for ‘alterations’ adaptations. There is a strong 
relationship between variables that are most strongly correlated in level 2 and level 4 adaptations. An 
additional variable appears for ‘alterations and extensions’ adaptations; Property Council of Australia 
building quality grade. The results illustrate that with more extensive (and more costly) adaptations the 
quality of the building (i.e. Property Council of Australia building quality grade) is more important.  
Stakeholders take into account the number of storeys and floor area where Povall & Eley (in Markus 1979) 
and Gann & Barlow (1996) noted that height was an important physical factor in adaptation. Typical floor 
area showed a high loading and refers to the amount of floor area per floor typically provided within a 
building and relates to the physical dimensions of the buildings or size.  Kincaid (2002) concluded floor 
size in London office buildings affected the degree of adaptability in a building where a Dutch study found 
an optimum floor size for office adaptations (Arge 2005). The results of this study showed that buildings 
with large floor plates were more likely to be adapted (0.59) than those with smaller floor plates (0.09), 
while medium size floor plates accounted for 0.31 of events.  
 
In addition there was an identified relationship between Property Council of Australia building quality 
grade and building size; with all other variables being equal generally the larger the building and the better 
the specification in respect of building services and equipment, the higher the Property Council of Australia 
building quality grade. The grading system classifies premium as the highest and best office grade, 
followed by A, B, C and D. Some office buildings are not be graded  in the system and are classed 
‘ungraded’  The inclusion of Property Council of Australia building quality grade and its high loading is 
confirmed as Premium, Grade A and B stock has higher rates of adaptation than Grade C and D stock. 
Further examination of the data investigated the type of adaptation by Property Council of Australia 
building quality grade (table 5). 
 
As a proportion of all work undertaken, Premium stock had more extensive work undertaken over the 
timeframe, with 0.84 of premium adaptations being ‘alterations and extensions’. No change of use 
adaptation occurred and the second most likely type of adaptation was alterations (0.12) followed by minor 
work (0.04). Owners of this stock almost always elected to undertake major adaptation work rather than 
any other type to retain the classification ‘Premium’. A similar profile emerged with A Grade stock.  
With B grade stock the total amount of work is greater in quantity and some ‘change of use’ adaptation 
occurred. Owners of B grade stock are either forced to or perceive a higher return on their investment 
through changing from one use to another. As with Premium and A Grade stock, the preference is for 
alterations and extensions thereby owners are instigating more substantial works in order to retain the level 
of quality within the building or seek to increase to a higher grade. With the C grade stock there is much 
less work done overall; the profile is more similar to the B grade stock than the Premium or A stock.  
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Table 5. Adaptations by Property Council of Australia building quality grade (all grades) 
 
 
Level of adaptation 
Minor 
adaptation 
(level 1) 
Alterations 
(level 2) 
Change of 
use (level 
3) 
Alterations 
and 
extensions 
(level 4) Total 
PCA 
grade 
Premium 34 96 0 671 801 
A 73 203 4 1026 1306 
B 102 275 12 1308 1697 
C 33 128 6 526 693 
D 18 36 2 186 242 
Unclassified 165 269 12 1053 1499 
Total 425 1007 36 4770 6238 
 
 
Owners of C grade stock were less inclined to spend or invest in adaptation. C grade stock has the highest 
running costs and represents a good opportunity to reduce greenhouse gas emissions through sustainable 
adaptation either through improvements to the building envelope or upgraded building services. It would be 
expected that Premium and A grade stock would have the highest running costs as these buildings have the 
highest levels of specification in respect of building services. The Property Council of Australia (2007) 
survey of building owners reported the cost in use profiles across all grades which showed operating 
expenses for Premium and grade A office buildings were $62.11 per square metre, Grade B $54.17 per 
square metre, Grade C stock was highest at $73.35 per square metre and no data available for D Grade and 
ungraded stock. It is considered that C grade stock is likely to have outdated building services which are not 
serviced regularly and that the buildings are likely to be less well maintained and not designed with energy 
efficiency as a priority (Property Council of Australia 2007). D Grade stock received the least amount of 
adaptation work. As with the B and C Grade the profile of adaptation type is replicated with minimal 
change of use adaptation, mostly alterations and extensions, followed by alterations and then minor works. 
With D grade stock the owner’s motivation is to avoid rental returns decreasing and to maintain code 
compliance. 
 
It was observed that ‘site boundaries’ refers to the degree of attachment in the building to other properties. 
In the CBD the smaller low rise buildings tend to be attached on two sides, with larger high rise stock more 
likely to be detached. Kincaid (2002), Povall & Eley (in Markus 1979) and Isaacs (in Baird 1996) noted the 
degree of attachment affected the ease of and the attractiveness of adaptation. Detached buildings are easier 
to adapt externally as owners can get access to elevations. Internal adaptations are easier to carry out with 
detached or less attached buildings because owners can gain entry for materials and remove waste without 
disturbing or negotiating with neighbours. The result of the high loading indicates that in practice this 
observation was correct although the degree of attachment to other buildings is important. 
Component Two - land 
 
Component two contains identical variables to the third component in the PCA for alterations adaptations 
(level 2) namely; street frontage and property location and is named ‘land’ because the attributes are related 
to the land parcel. 0.49 of all ‘alterations and extensions’ adaptations over the period occurred to buildings 
of 40 metres width or less. The majority of alterations and extensions adaptations (0.71) occurred to 
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buildings 50 metres wide or less (see table 6). There is a preference to adapt buildings with smaller width 
and these properties are either more versatile and or have greater flexibility to accommodate adaptation. 
Table 6. Alterations and extensions adaptations by building width (in metres) 
 
Building width  
(in metres) 
Number of buildings  
adapted at level 4 
0-9 74 
10.-19 457 
20-29 877 
30-39 958 
40-49 1058 
50-59 36 
60-69 687 
70-79 143 
80-89 122 
90-99 194 
100-109 9 
120-129 123 
200-210 71 
220-229 2 
 
 
 
Previous studies confirmed the importance of location in adaptation (Bryson 1997; Swallow 1997; Kincaid 
2000; Ball 2002; Remøy and van der Voordt 2006). Property location is associated with adaptation and this 
study revealed that particular streets, such as Collins Street, Melbourne had much greater rates of 
adaptation than other streets i.e. 0.27 of all adaptations over the period. CBD location is scaled from prime 
(i.e. the best and most expensive) to fringe (i.e. the least expensive). The relationship between building 
width and building location reveals buildings in low prime (0.27), low secondary (0.26) and prime (0.25) 
locations are most likely to undergo adaptation, with those in fringe (0.09) and high secondary (0.13) 
locations least likely to be adapted. The percentages highlighted little variance exists between the top three 
locations for alterations and extensions adaptations. The results illustrated a two tier market operated in 
‘alterations and extensions’ adaptations with most activity occurring in the top two locations (0.51) and a 
quarter of ‘alterations and extensions’ activity occurring in the low secondary zone.  
 
This finding demonstrated that owners in the top two zones were willing to undertake major works to 
maintain the properties grading or position in the market, whilst those in low secondary zones were equally 
prepared to undertake extensive work to their stock. These owners were motivated by a desire either to 
retain tenants and/or maintain rental yields and capital values.  
 
Component Three – social  
 
The third component named ‘social’ contained three variables: historic listing, age and aesthetics.  These 
variables were present in the fourth component for ‘alterations’ adaptations (see Wilkinson et al. (2010) for 
a detailed discussion) and reflect similarities in the components for different levels of adaptation. Historic 
listing and age are correlated where older buildings are more likely to become listed or to fall within a 
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heritage overlay.  Ball (2002), Bullen (2007) and Snyder (2005) all noted heritage listing affects adaptation. 
The most obvious impact is that restrictions are placed on owners with regards to the extent of work and the 
materials which must be used. Older buildings undergo more adaptation as time passes and it is not 
surprising to see age highly correlated with adaptation. Barras & Clark (1996) and Baum (1991) concluded 
the correlation between time and obsolescence in buildings, demonstrating that as time passes adaptation of 
some form is essential to prevent a decline which otherwise can result in demolition.  
Buildings which are more aesthetically pleasing underwent more adaptations (figure 1). Buildings ranked 
one (most aesthetically pleasing) accounted for 0.29, second ranked 0.35, third ranked 0.19, fourth ranked 
0.12 and least aesthetically pleasing (ranked five) 0.02.   
 
 
Figure 1. Alterations & extensions adaptations and aesthetics 
 
 
Conclusions  
 
Important insights have been identified from this research which supports an increased understanding into 
drivers of building adaptations. The analysis reveals three defined and interpreted factors which are linked 
to building adaptations namely; physical and size, land and social. The analysis of ‘alterations and 
extensions adaptations’ confirmed correlated variables related to building adaptations previously identified 
as being separate and distinct (Blakstad 2001; Kucik 2004; Arge 2005).  This finding indicates the 
relationship between building adaptations and building attributes is more complex than hitherto considered.  
 
The PCA identified and confirmed that some attributes are more important than others.  
 
• The most common type of adaptations undertaken were alterations and extensions (level 4), which 
is the most extensive type of adaptation; 
• Physical building and size attributes are the most important building characteristics; 
• Building appearance is more important in alterations and extensions adaptation than other types of 
adaptation; 
• Aesthetically pleasing buildings undergo greater rates of adaptation; 
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• Building quality (Property Council of Australia building quality grade) is an important attribute; 
• C grade stock is least likely to be adapted and, as it has the highest operating costs per metre 
squared, it offers the best potential for reducing greenhouse gas emissions though sustainable 
adaptations; 
• Buildings which are less attached to others are more likely to undergo alterations and extensions 
adaptation; 
• Buildings with a front frontage of 50 metres or less are more likely to undergo adaptation; 
• Buildings with services cores located centrally are more likely to be suitable for adaptation; 
• Buildings located in prime and low prime and low secondary locations have a one in four 
likelihood of being adapted; 
• Buildings in the fringe location are least likely to be undergo adaptations; and 
• Older stock undergoes more adaptation and is highly correlated with historic listing. 
 
Starting with 42 building attributes, a sub-set of 12 attributes were found to be important, influencing 
adaptation to a high degree; some 0.73 of adaptation is explained by twelve attributes. Another major 
finding was that attributes previously considered influential were found to have limited influence on 
adaptation. Significantly this research has identified the most important adaptation attributes in building 
adaptation based on unbiased sources. In this respect the results of the study allows the work of Langston et 
al. (2007) and Remøy and van der Voordt (2006, 2007) to be progressed further and the development of a 
robust weighted decision-making tool more achievable.  
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Abstract 
Local Authorities worldwide are encouraging adaptation as a means of reducing building related urban energy 
consumption and greenhouse gas emissions. The City of Melbourne is promoting the retrofit of 1,200 CBD 
properties before 2020 with sustainability measures as part of their policy to become a carbon neutral city. 
Australian cities date from 1837 to the present day whereas some European cities have been inhabited for over 
two millennia.  The concepts of adaptation and evolution of buildings and suburbs is well developed in Europe, 
though the scale of some of the post war developments has created different forms of building perhaps less 
adaptable or suited to change. The need to adapt buildings and to reduce environmental footprints becomes 
more pressing over time as global concentrations of carbon dioxide increase. Is it possible for Europeans to 
learn from Australian practices and vice averse? Through examination of office building adaptation in 
Melbourne and Amsterdam, it is possible to learn where similarities and differences exist and where new 
practices can be shared.  
This paper addressed the questions; what are the key attributes influencing adaptations in Melbourne and Amsterdam office 
buildings, and what are the similarities and differences?  Using the Melbourne CBD and Amsterdam as a case study, the 
research analysed 7393 commercial building adaptations in Melbourne and 98 office buildings in Amsterdam 
where adaptations were completed. The outcomes of this research show where similarities and differences exist 
and are relevant to all urban areas where adaptation of existing office buildings can mitigate the impacts of 
climate change and enhance the city for another generation of citizens and users. 
Keywords: Amsterdam, Melbourne, office, sustainability, refurbishment, building adaptation, Australia, the 
Netherlands.  
 
Introduction  
With the built environment contributing nearly half of all greenhouse gas emissions and governments look for 
to lessen the part cities play in global warming building adaptation is a sensible means of reducing building 
related greenhouse gas emissions.  In Melbourne the 1,200 building program aims to retrofit 1,200 CBD 
234 
 
buildings by 2020 with sustainability measures as part of their policy to be carbon neutral. Other cities are 
developing carbon neutral strategies and see adaptation as a means of meeting targets. It is possible to identify 
the nature and extent of adaptation, determine the relationship between adaptation and property attributes and 
hence the potential for sustainable retrofit through an examination of past adaptation practices.  Amsterdam 
has yet to set out such a strategy and this paper explores the potential reductions that could result from 
sustainable retrofit of commercial buildings.  
This paper addressed the questions: What is the nature of the relationships between building adaptation events in the CBD 
classified as ‘alterations and extensions’ and property attributes, and secondly what are the similarities and differences between 
building adaptations in Melbourne and Amsterdam? The emphasis was placed on the nature of the relationships 
between building adaptation events in Melbourne and Amsterdam and adaptation attributes identified as critical 
decision-making factors. The research analysed 7393 commercial building adaptations in Melbourne and 98 
office buildings in Amsterdam where adaptations were completed. The outcomes of this research show where 
similarities and differences exist and are relevant to all urban areas where adaptation of existing office buildings 
can mitigate the impacts of climate change and enhance the city for another generation of citizens and users. 
Drivers for adaptation  
In Australia building adaptation is an “essential component of sustainable development” facilitating a glimpse 
of the past, lending character and identity to an area and providing footnotes to history (Department of the 
Environment and Heritage, 2005). Bryson (1997) noted the potential danger that cities may face periods where 
large numbers of obsolete buildings might blight the region socially. There is evidence that building adaptation 
increases value. An investigation of the impact of refurbishment on high density residential property in Hong 
Kong (Chau et al., 2003) found a 9.8 percent increase in property value compared to identical un-refurbished 
property in the same area. 
In the Netherlands, the interest for adaptation is driven by a surplus in the office stock. By the end of 2007, the 
Amsterdam office market comprised approximately 6 million square metres office space (GLA1), of which 1 
million square metres were vacant. As older buildings are left for preferred new buildings, the vacancy 
concentrates in the older stock and structural vacancy occurs. Estimates (DTZ 2009) consider 500 000 square 
metres structurally vacant, sustaining the suggestion of a stratification of the real estate market where old 
buildings in the office market sited in decaying locations are deprived or with little or no chance or likelihood 
that something will happen in the near future, especially something desirable. The 2008 financial and real estate 
crises have increased the problem. 
Structural vacancy is first of all seen as a societal problem of economic and social decay. Uncertainty and social 
insecurity are visualised through vandalism and graffiti, break-ins and illegal occupancy. Though an investor 
may spread the risk of structural vacancy by building a diverse portfolio and only has to face building 
depreciation when selling, the owner of long term vacant office buildings also suffers a lack of income. 
Additionally, high vacancy hits building investors indirectly because of its negative influence on the market, 
though investors still tend to see the problem as somebody else’s problem (Remøy and Van der Voordt 2007). 
Adding up to this point of view, the investment market is layered; with new offices procured mostly by 
institutional investors who sell off older properties to smaller or private investors.  
As a result of the 2008 financial crisis, the vacancy in the office markets world wide has been rising. The crisis 
has caused the Dutch government to realise that long term vacancy is a problem for the real estate market, and 
also represents a threat to a sustainable built environment. While new commercial office buildings are being 
developed, increasing the footprint of the urban area, older properties remain vacant, occupying an increasing 
part of scarce land. In this situation, the Dutch government has sensed the urgency of putting an end to new 
                                                          
1 The numbers are rough, as there is no total overview of the office building stock. Numbers are based on real estate agents 
databases and Bak (2008) and comprise buildings larger than 500 square metres within municipalities with a stock of more than 10000 
square metres. 
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developments and adapting existing offices; either by residential transformation or by within use adaptation to 
fit new demands for offices. Thereby adaptations could contribute to a lower vacancy in the office market and 
at the same time add to the sustainability of the built environment, by reducing the need for new constructions 
and at the same time reducing the greenhouse gas emissions from existing offices. 
Conversely in Melbourne CBD vacancy rates have remained low, increasing from 4.8% in July 2009 to 6.5% in 
July 2010 (Colliers International, 2010a, 2010b). In this market the drivers for owners is to increase their yields 
and returns. The forecast is for significant increase in net effective rental levels in the short to medium term, 
with overall tenant demand expected to strengthen as the economy further recovers (Colliers International 
2010b). There are limited options for major tenants as the supply is choked. In addition, there are currently no 
new developments planned for the Melbourne CBD because of the strict requirement to obtain extensive pre 
commitment for lenders. Such circumstances put more pressure on existing stock and the potential for raising 
rental levels and yields and diminishing environmental impact through adaptation.  
 
Factors influencing adaptation 
Adaptation is defined: “any work to a building over and above maintenance to change its capacity, function or performance’ in 
other words, ‘any intervention to adjust, reuse, or upgrade a building to suit new conditions or requirements”( Douglas 2006).   
Previous research grouped factors under economic, social, environmental, technological, legal and physical 
categories (Wilkinson et al. 2009, Remøy and Van der Voordt 2007).   To sum up key factors, the local 
economy contributed to adaptation, along with attributes such as age, physical condition, heritage value, size 
and user demand (Fianchini 2007).  Building quality and character were determinants of successful adaptation, 
while a later study found accessibility to be a critical success factor, along with layout and flexibility for a range 
of differing uses (Ball 2002, Fianchini 2007). As office buildings age they are prone to obsolescence and need 
adaptation to meet user needs (Barras 1996).   
Physical attributes impact on adaptation and should be considered in decision-making. The technical issues for 
office adaptations were building size and height, depth, structure, envelope and cladding type, internal space 
layout and access, services, acoustic separation and fire safety (Gann & Barlow, 1996). Other attributes were 
site (e.g. car parking, orientation, external noise and external access), size (e.g. floor area, height, depth, floor 
shape, grids, and floor to ceiling height), structure (e.g. penetration for services), envelope (e.g. cladding and 
thermal issues), services (e.g. to meet new use requirements), acoustic separation (e.g. floors and partitions, 
flanking transmission) and fire protection (e.g. means of escape, brigade access, detection and alarms, 
prevention of spread of flames).  
Location is important in adaptation, with older buildings occupying prime locations (Ball, 2002). Ellison and 
Sayce (2007) noted that within the paradigm of sustainability, location includes accessibility to the user group 
and transport nodes such as rail and bus transport systems add to the desirability of adaptation. For an 
extended discussion of building adaptation attributes see Wilkinson et al. (2009). Table 1 summarises adaptation 
attributes identified in previous research. 
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Table 1 Summary of building adaptation attributes. 
Adaptive reuse criteria for 
existing buildings 
Relevant studies 
Age  Barras and Clark 1996; Ball 2002; Fianchini 2007. 
Condition  Boyd & Jankovic. 1993; Isaacs (in Baird et al.) 1996; Swallow 1997; 
Kersting 2006.   
Height  Gann & Barlow 1996. 
Depth Gann & Barlow 1996; Szarejko & Trocka-Lesczynska 2007. 
Envelope and cladding Gann & Barlow 1996. 
Structure  Gann & Barlow 1996; Kersting 2006 
Building services  Gann & Barlow 1996; Snyder 2005; Szarejko & Trocka-
Lesczynska 2007. 
Internal layout  Gann & Barlow 1996; Swallow 1997; Fianchini 2007; Szarejko & 
Trocka-Lesczynska,2007 
Flexibility (for differing uses 
and functional equipment) 
Gann & Barlow 1996; Fianchini 2007 
 
Location  Isaacs (in Baird et al.) 1996; Bryson 1997; Ball 2002; Remoy and van 
der Voordt 2006 
Heritage  Ball 2002. Snyder, 2005. 
Size  Gann & Barlow 1996; Ball 2002.  
Accessibility Gann & Barlow 1996; Ball 2002; Kersting 2006; Remøy & Van der 
Voordt 2006; Fianchini 2007; Ellison and Sayce 2007. 
Parking  Ellison & Sayce 2007. 
Character / aesthetics  Ball 2002. 
Acoustic separation  Gann & Barlow 1996. 
User demand Ball 2002. 
Site conditions  Isaacs(in Baird et al.) 1996.  
 
 
Research question and method 
This paper addressed the questions; What are the key attributes influencing adaptations in Melbourne and Amsterdam 
office buildings, and what are the similarities and differences?   Using the Melbourne CBD and Amsterdam as a case 
study, the research analysed 7393 commercial building adaptations in Melbourne and 98 office buildings in 
Amsterdam where adaptations were completed. The research was undertaken in stages. Stage one identified 
adaptation criteria which formed the fields for the database, which was used to analyse the relationship between 
the adaption criteria and the adaptive reuse of the building. Databases were assembled for Melbourne and for 
Amsterdam and comparisons were drawn.  
The database for Melbourne was assembled and populated from sources including Cityscope (RPData 2008), 
PRISM (DSE 2008) and through commercial data produced by the Property Council of Australia ( Property 
Council of Australia 2007; 2008).  Adaptation events were extracted from building permits received by the 
Building Commission in Victoria. Empirical data was gathered by visual building surveys. The database 
included attributes in table 1.  The research adopted a census approach and examined all adaptation events in 
the CBD from 1998 to 2008. For a detailed analysis of the research method see Wilkinson et al (2010)  
The database for Amsterdam was assembled from different sources as well, using the transaction and supply 
databases of DTZ and the building stock database of Bak (2008) to extract a sample of buildings for the study. 
The buildings were randomly sampled, including buildings that were all originally constructed as office 
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buildings and which were adapted between 1997 and 2007. Empirical data was gathered by building surveys and 
by studying construction drawings and documents on renovations and adaptations. 
Results Melbourne  
 
Principal Component Analysis (PCA) highlights dimensions in cross sectional data to uncover, disentangle and 
summarise patterns of correlation within a data set ((Horvath 1994. Heikkila 1992). PCA was used to reduce 
the dimensionality of office property attribute data relating to adaptation (Hair et al. 1995). Initially all variables 
are entered into the PCA to produce a smaller number of components. The next decision is the number of 
factors to retain and was based on the Kaiser criterion where factors with Eigenvalues exceeding 1.0 only are 
retained. The factors were rotated using an oblique ‘Oblimin’ rotation method with a final result being a table 
of identifiable factors which includes the loadings of individual property attributes. The contribution of a 
variable to each factor could be; completely positive (+1.0), completely negative (-1.0) or somewhere between.  
 
          Table 2 Factor loadings - ‘Alternations/Extensions’ Melbourne 
Attributes 
Factors 
Physical Size 
(Factor 1) 
Land 
(Factor 2) 
Social 
(Factor 3) 
Number of Storey’s 0.958 0.048 0.050 
GFA 0.958 -0.009 0.037 
Property Council of 
Australia grade 
-0.822 0.023 0.115 
Site boundaries 0.775 0.203 -0.009 
Typical floor area 0.743 -0.053 0.061 
Site access 0.737 -0.057 0.297 
Aesthetics -0.203 -0.144 0.485 
Parking 0.427 -0.005 0.423 
Street frontage 0.225 0.886 0.015 
Vertical services location 0.041 0.861 0.030 
Property location -0.625 0.695 0.125 
Historic listing -0.177 0.175 0.823 
Age in 2010 -0.476 -0.123 -0.632 
 
Assigning meaning involves interpretation of the pattern of the factor loadings (Hair et al. 1995). The threshold 
cut off was set 0.5 as recommended by Tabachnick & Fidell (2001). After a list of individual factors had been 
assembled where each factor contained high loading property attribute variable suggested correct factor names 
could be assigned. The Melbourne analysis examined the most extensive level of adaptation ‘alterations and 
extensions’; 5,290 adaptation events from 1998 to 2008.  Thirteen separate attributes were aesthetics, vertical 
services, parking, street frontage, historic listing, number of storey’s, age in 2010, Typical floor area, GFA, and 
Property Council of Australia building quality grade, site boundaries, site access and location. The PCA 
produced thirteen attributes in three factors with Eigenvalues exceeding 1.0 and contributed 74% of the 
variance. Table 2 illustrates the factor loading produced by the PCA. 
Alteration and extension adaptations involved the most extensive works and the highest number of events, 
illustrating that owners are more likely to engage in this adaptation than others. It is indicative of high levels of 
confidence in Melbourne; that these adaptations will recoup the investment through higher rental yields, 
238 
 
increased capital values and lower vacancy rates than if the building was adapted to a lesser extent or not at all.  
Each factor was allocated a name (table 3).   
 
Table 3 Summary of PCA Factors ‘Alterations and extensions’ in Melbourne 
 
Factor 
number 
 
Factor name 
 
Factor variables 
1 Physical and size Height (number of stories) 
Gross floor area (GFA) 
Property Council of Australia Grade 
Site boundaries 
Typical floor area 
Site access 
2 Land  Street frontage 
Vertical services location 
Property location 
3 Social  Historic listing 
Age in 2010 
Aesthetics 
       
Factor one:  Physical size 
The attributes number of storey’s, Gross floor area (GFA), Property Council of Australia Grade, site 
boundaries, Typical floor area and site access are strongly loaded and explain 44.9% of the original variance.  
Factor 1 has six attributes and three relate to the physical dimensions/size of the property in terms of floor area 
and height (i.e. physical attributes). Of the remaining attributes, two relate to site boundaries; (the degree of 
attachment to other buildings) and site access (number of entry/exit points to the building). These attributes 
are ‘physical - size’ related.  The final attribute Property Council of Australia Grade is strongly and negatively 
loaded and relates to quality.  
 
 
Factor two:  Land 
Three variables street frontage, vertical services location and location (table 4) are loaded strongly on factor 2, 
explaining 19.8% of the variance. In this factor the attributes are influenced by land/design factors. The street 
frontage or width of the land parcel and the location of the property relate to land attributes. The location of 
vertical services influences the flexibility of the space plan to adapt to different configurations of the floor plate.  
 
Factor three:  Social 
The attributes historic listing and age are very strongly and moderately loaded on factor 3 and explain 9.3% of 
the variance (table 2). Age is negatively loaded and this can be interpreted as buildings age they are more likely 
to be adapted. The attributes can be described as social.  Aesthetics, which is weakly loaded, relates to 
appearance and indicates that buildings having a poor appearance; being outmoded or outdated are less likely to 
be adapted.  It is included in this factor given the relationship to age and historic listing. 
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Results Amsterdam  
The PCA method used to analyse the Melbourne case was also applied in Amsterdam. The Amsterdam analysis 
examined ‘alterations and extensions’ that were so extensive that a building permit was needed, studying 98 
buildings where adaptations had taken place. The attributes that were studied were Typical floor area, the 
number of elevators and sanitary and pantry facilities related to the Typical floor area, GFA, number of 
storey’s, spatiality of the entrance, parking, year of construction, long term vacancy, Facade material and Facade 
quality. The PCA produced a total of 11 factors where the first four were significant with Eigenvalues 
exceeding 1.0 and contributed 71.79% of the variance. The sample size of the Amsterdam analysis is rather 
small and in literature categorised as rather poor (Comrey and Lee 1992, Field 2006). Therefore, the attributes 
to include in the analysis were chosen carefully, as to not exceed the number of variables recommended per 
participant in the sample (Kass and Tinsley 1979). Table 4 illustrates the factor loading produced by the PCA. 
 
Table 4 Factor loadings - ‘Alternations/Extensions’ Amsterdam 
Attributes 
Factors  
Services 
(Factor 1) 
Physical / 
size 
(Factor 2) 
 
Status 
(Factor 3) 
 
Social  
(Factor 4) 
Typical floor area/sanitary and 
pantry facilities 
0.891 0.131 -0.040 -0.028 
Typical floor area 0.880 0.197 0.018 0.003 
Typical floor area/number of 
elevators 
0.871 -0.189 0.066 0.005 
Gross floor area (GFA) 0.171 0.866 0.030 0.036 
Height (number of storey’s) -0.143 0.773 0.035 0.209 
Spatiality of the entrance 0.075 0.764 0.066 -0.173 
Parking 0.105 0.057 0.777 0.000 
Year of construction -0.192 0.077 0.734 -0.103 
Long term vacancy 0.153 -0.028 0.703 0.135 
facade material -0.037 -0.127 0.174 0.873 
facade quality 0.030 0.223 -0.212 0.768 
 
 
The alterations that were studied in the Amsterdam case all included extensive adaptations and alterations. 
Minor alterations without impact on the exterior of the building or alterations that do not affect the functioning 
of the building (i.e. fire safety, air quality, major routing) are not registered. Major alterations are expected to 
lower vacancy risk as lack of aesthetics and functionality of an office building are found to be important 
indicators of long term vacancy (Remøy 2010). The factors recognised in the Amsterdam study were described 
by a name given meaning by the variables included in the factor (Table 3). 
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Table 5 Summary of PCA Factors ‘Alterations and extensions’ in Amsterdam 
 
Factor 
number 
 
Factor name 
 
Factor variables 
1 Services Typical floor area 
Typical floor area/number of elevators 
Typical floor area/sanitary and pantry facilities 
2 Physical / size Height (number of storey’s) 
Gross floor area (GFA) 
Spatiality of the entrance 
3 Status Parking 
Year of construction 
Long term vacancy 
4 Appearance  Quality 
Aesthetics 
 
Factor one: Services 
The attributes Typical floor area and number of elevators, sanitary and pantry facilities per  Typical floor area 
explain 29.5% of the original variance.  The first attribute is related to size while the latter two describe the level 
of services in an office building. The number of elevators and facilities influences the possibility to adapt an 
office building, as it affects the flexibility of the space plan and also has a high impact on the costs of 
adaptations. 
 
Factor two: Physical/size 
The three attributes height, GFA and spatiality of the entrance all relate to the size of office buildings.  The 
variables loaded strongly in factor 2, explaining 16.8% of the variance. The first two variables are easily 
comprehended as they describe the sheer size of buildings. Entrance spatiality is a measure of the entrance 
floor area / entrance height. This attribute is often strongly related to the GFA of the building as large scale 
buildings tend to have large floor areas reserved for the entrance(s), without significant extra height assigned. 
 
Factor three: Status 
The attributes parking, year of construction and long term vacancy are loaded strongly on factor 3 and explain 
14.4% of the variance. This factor with the three quite different variables can be classified as ‘status’, though 
status again is a social construct and so the factor could also be named social. Other variables that were loaded 
on this factor in initial analyses were graffiti and type of street furniture.  The factor shows that older buildings 
with sufficient parking facilities and high vacancy levels are likely to be adapted. In these cases, adaptation is a 
possibility of upgrading a property for new tenancy. 
 
Factor four: Appearance 
The attributes Facade quality and Facade material are strongly loaded on factor 4 and explain 11.2% of the 
variance. The attributes can be described as appearance, and like factor 3 this factor could also be referred to as 
social.  Both variables included relate to appearance, indicating that buildings having a poor appearance; being 
outmoded or technically outdated are less likely to be adapted. 
Similarities and differences  
Amsterdam could learn from Melbourne’s climate initiative. In a market with low vacancy rates, adaptations are 
carried out on a large scale to meet the goals set for 2020. Since the 1990’s, the Amsterdam office market was 
expanding. The local and national government together with developers and investors viewed the office market 
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expansion as an everlasting gold mine. As the market could not recover from the 2001 crisis before the 2008 
crisis hit, the inevitable end of the growth is hard to face. Adaptations of existing buildings have taken place in 
this expanding market, but to compare, Melbourne shows a market with far lower vacancy rates, more and 
better documented adaptations and a goal for future development, whereas Amsterdam has a lot to learn. 
Looking at the characteristics of the buildings that have been adapted in both cities though, there are more 
similarities to be found (see table 6 where X denotes that the attribute was found to be important).  
Table 6 Similarities between Melbourne and Amsterdam analyses 
Important Building Adaptation Attributes Melbourne Amsterdam 
1. Number of storey’s X X 
2. GFA X X 
3. Property Council of Australia building quality grade X  
4. Site boundaries X  
5. Typical floor area X X 
6. Site access X  
7. Parking  X 
8. Street frontage X  
9. Vertical services location X  
10. Typical floor area / number of elevators  X 
11. Typical floor area / sanitary and pantry facilities  X 
12. Spatiality of the entrance  X 
13. Property location X  
14. Historic listing X  
15. Age in 2010 / year of construction X X 
16. Long term vacancy  X 
17. Facade material  X 
18. Facade quality / aesthetics X X 
 
Table 6 shows that out of a total 18 property attributes found to be important in commercial office adaptations 
in Melbourne and Amsterdam, five were shared (number of storey’s, GFA,  Typical floor area, age and 
aesthetics).  Of the five attributes found important in the Amsterdam study, namely façade material, long term 
vacancy, entrance spatiality provision of sanitary and pantry facilities and the number of elevators in the 
building, this data was not collected in the Melbourne study and therefore no further comment can be made as 
to whether this data would have been found to be important and this is an area of possible further research. 
The final six attributes found to be important in the Melbourne study were Property Council of Australia 
building quality grade, site boundaries, site access, vertical services location, property location and historic 
listing, which were not part of the Amsterdam study. One could also make the argument that Property Council 
of Australia building grade (a Melbourne attribute) could be a proxy for the level of amenities provided in a 
building such as number of elevators and sanitary accommodation (two of the Amsterdam attributes) and that 
there is some correlation there.  
Conclusions  
Firstly the Melbourne results revealed three factors (table 3). Secondly the PCA correlated variables that 
previous studies identified as separate (Blakstad 2001; Kucik 2004; Arge 2005), which indicates the relationship 
between adaptation and property attributes is more complex than previously held. The research questions have 
been answered and the importance of a small number of attributes was found to influence adaptation to a high 
degree, 74% of variance in adaptation is explained by twelve attributes. The most influential variables or 
property attributes affecting ‘alterations and extensions’ adaptations are; physical / size (height, Gross floor 
area, Property Council of Australia building quality grade, site boundaries, Typical floor area and site access), 
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followed by land characteristics (street frontage, vertical services location and property location) and lastly by 
the social attributes (historic listing, age and aesthetics). Another finding is that attributes previously considered 
influential were found to have limited influence on adaptation in the study. It is possible to strategically plan 
and target policy making to optimise efforts to deliver the 38% reductions in building related greenhouse gas 
emissions and the objectives of the 1200 buildings program through the enhanced understanding of the pattern 
of commercial building adaptation. 
In the Amsterdam analysis as well as the Melbourne analysis, 12 attributes were found to influence adaptation 
to a high degree, explaining 71.8% of the variance in adaptation. The Amsterdam study was based on far less 
observations than the Melbourne study.  The most important characteristics influencing adaptations are 
services (Typical floor area, the number of elevators and sanitary and pantry facilities related to the Typical 
floor area), physical/size (GFA, number of storey’s, spatiality of the entrance), status (parking, year of 
construction, long term vacancy), and appearance (Facade material and Facade quality). The Amsterdam study 
to a great extent agrees with the findings from Melbourne, though adding an extra factor. In Melbourne, the 
Property Council of Australia building quality grade was found to be an important attribute in the study, while 
there is no equivalent to this variable in the Dutch real estate market.  
Though the relationship between building characteristics and adaptations is quite complex, we can conclude 
from both analyses: 
• Physical building and size attributes are the most important attributes  
• Services are the second most important attributes (In the Amsterdam analysis services is a factor, while 
in the Melbourne analysis, the location of vertical services is included in the ‘land’ factor) 
• The land factor that was found to be important in the Melbourne analysis was not included in the 
Amsterdam study. A variable resembling “street frontage” was “visibility of the entrance”, but this 
variable was discarded from the Amsterdam analysis at an early stage. The location of the property was 
also not included in the Amsterdam case. As the sample was collected from several different locations 
in Amsterdam, this variable added too many “unique” observations making an analysis with rather few 
cases difficult. 
• Floor area influences the amount of adaption undertaken 
• Appearance is important  
• Social factors are important. The factors have different meanings in the two analyses, and looking at 
the Amsterdam analysis it has two social-related factors. However, the characteristics included are to a 
great extent similar.  
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Abstract 
Arguably buildings contribute around half of all greenhouse gas emissions and Australian offices alone 
account for approximately 12% of all greenhouse gas emissions. As government authorities seek ways of 
reducing the contribution of cities to climate change and global warming on a global scale, building 
adaptation now appears as the only realistic means of reducing building related emissions by 38%.  The 
1,200 building program developed by the City of Melbourne aims to adapt or retrofit 1,200 central 
business district (CBD) properties before 2020 with sustainability measures as part of their policy to 
become carbon neutral by 2020.  This research undertakes an innovative approach by undertaking a 
detailed examination of building adaptations in a global city; then it is possible to identify the nature and 
extent of typical levels of adaptation, as well as determining the relationship between different types of 
adaptation and property attributes.  
 
This paper addresses the question: what is the relationship between building adaptation event, classified 
as ‘alterations and extensions’ in the CBD and property attributes? Using the Melbourne CBD as a case 
study this research analysed 5,290 commercial building adaptation events and the relationship with 
specific property attributes from 1998 to 2008.  The inclusion of all adaptation events that occurred 
during this period ensure this research is the most extensive and comprehensive analysis of this level of 
building adaptation undertaken in Australia. The outcomes of this research is applicable on a global basis 
and relevant to urban centres where existing commercial buildings can become part of the solution to 
mitigate the impact climate change and enhance the city. 
 
Introduction 
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Arguably buildings contribute around half of all greenhouse gas emissions; Australian offices alone 
account for approximately 12% of all greenhouse gas emissions. As government authorities seek ways of 
reducing the contribution of cities to climate change and global warming, building adaptation appears to 
offer the only realistic means of reducing building related emissions by 38%.  The 1,200 building program 
developed by the City of Melbourne aims to adapt or retrofit 1,200 CBD properties before 2020 with 
sustainability measures as part of their policy to become carbon neutral by 2020. Through an examination 
of building adaptations in the CBD it is possible to identify the nature and extent of typical levels of 
adaptation, as well as determining the relationship between different types of adaptation and property 
attributes.  Accordingly this paper addresses the research question: What is the nature of the relationships 
between (a) building adaptation events in the CBD classified as ‘alterations and extensions’ and (b) 
property attributes? 
The emphasis was placed on the nature of the relationships between previously identified building 
adaptation events classed as ‘alterations and extensions’ in the Melbourne CBD between 1998 and 2008 
and building adaptation attributes identified in the literature as being important decision-making factors. 
Previous studies are restricted with regards to the total number of cases or buildings informing their 
research. This study overcomes this limitation as every building adaptation event in the Melbourne CBD 
that occurred between 1998 and 2008 is investigated. 
 
Factors influencing building adaptation 
 
For the purposes of this research the definition of adaptation is: “any work to a building over and above 
maintenance to change its capacity, function or performance’ in other words, ‘any intervention to adjust, 
reuse, or upgrade a building to suit new conditions or requirements”( Douglas 2006).  Previous research 
identified and grouped factors under categories of economic, social, environmental, technological, legal 
and physical (Wilkinson et al. 2009).   To sum up key factors for example, Ball (2002) found the local 
economy contributes to adaptation, along with property attributes such as age, physical condition, 
heritage value, size (i.e. smaller buildings were more marketable) and user demand (Fianchini 2007).  An 
earlier study concluded building quality and character were determinants of successful adaptation (Ball 
1999). A later study found accessibility to be a critical success factor, along with layout and flexibility for a 
range of differing uses (Fianchini 2007), whilst Barras (1996) found a relationship between age and 
obsolescence in London offices.   
 
Physical attributes impact on adaptation potential and should be considered in decision- making. Gann 
and Barlow (1996) showed the technical issues in adapting offices were building size and height, depth, 
structure, envelope and cladding type, internal space layout and access, services, acoustic separation and 
fire safety. Other attributes were site (e.g. car parking, orientation, external noise and external access), 
size (e.g. floor area, height, depth, floor shape, grids, and floor to ceiling height), structure (e.g. 
penetration for services), envelope (e.g. cladding and thermal issues), services (e.g. to meet new use 
requirements), acoustic separation (e.g. floors and partitions, flanking transmission) and fire protection 
(e.g. means of escape, brigade access, detection and alarms, prevention of spread of flames).  
 
Location is an important criterion for adaptation, with older buildings occupying prime locations (Ball 
1999, 2002). Ellison and Sayce (2007) noted that within the paradigm of sustainability, location can be 
interpreted as accessibility to the building’s user group and transport nodes such as rail and bus transport 
systems add to the desirability of a property for adaptation. Table 1 summarises building adaptation 
attributes identified in previous research. 
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Table 1: Summary of building adaptation criteria. 
 
Adaptive reuse criteria for existing 
buildings 
Relevant study 
Age  (Barras and Clark 1996; Ball 2002) Ball, 2002; 
Fianchini 2007. 
Condition  Boyd et al. 1993; Isaacs (in Baird et al.) 1996; Swallow 
1997; Snyder 2005; (Kersting 2006)  
Height  Gann & Barlow 1996. 
Depth Gann & Barlow 1996; Szarejko & Trocka-Lesczynska 
2007. 
Envelope and cladding Gann & Barlow 1996. 
Structure  Gann & Barlow 1996; Kersting 2006 
Building services  Gann & Barlow 1996; Snyder 2005; Szarejko & 
Trocka-Lesczynska 2007. 
Internal layout  Gann & Barlow 1996; Swallow 1997; Fianchini 2007; 
Szarejko & Trocka-Lesczynska,2007 
Flexibility (for differing uses and 
functional equipment) 
Gann & Barlow 1996; Fianchini 2007 
 
Location  Isaacs (in Baird et al.) 1996; Bryson 1997; Ball 1999, 
2002; (Remoy and van der Voordt 2006) 
Heritage  Ball 2002;. Snyder, 2005. 
Size  Gann & Barlow 1996; Ball 2002.  
Accessibility Gann & Barlow 1996; Ball 2002;. Snyder 2005;  
Kersting 2006;  Remoy & van der Voordt 2006; 
Fianchini 2007; Ellison and Sayce 2007. 
Parking  Sayce & Ellison 2007. 
Character / aesthetics  Ball 1999. 
Acoustic separation  Gann & Barlow 1996. 
User demand Ball 2002. 
Site conditions  Isaacs in Baird et al. 1996.  
 
Research methodology 
 
Previous studies have examined the criteria for building adaptation, where researchers overwhelmingly 
adopted a case study approach based on in-depth analysis of a limited number of cases (Austin 1988; 
Barras and Clark 1996; Ohemeng 1996.; Blakstad 2001; Heath 2001; Ball 2002; Kincaid 2002; Kucik 2004; 
Arge 2005; Remoy and van der Voordt 2007).  From these studies the adaptation criteria have been 
identified, however this research approach is fundamentally different from this point. The research was 
undertaken in two stages. Stage one examined adaptation criteria which formed the fields for the 
property attribute database, where stage two analysed the relationship between the adaption criteria and 
the adaptive reuse of the building.  
For this research a property attribute database of commercial buildings in the Melbourne CBD was 
assembled and populated from numerous sources including the Cityscope database (RPData 2008), the 
PRISM database produced by the State Government of Victoria’s Department of Sustainability and 
Environment (DSE 2008) and through commercial data produced by the Property Council of Australia (PCA 
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2007; PCA 2008).  Building adaptation events were extracted from building permits received by the 
Building Commission in Victoria. Empirical data was gathered by visual building surveys. The property 
attribute database included variables listed in table 2, which have been categorised as physical, social, 
legal, economic and environmental attributes or attributes of adaptation.  The risk of an unrepresentative 
sample was avoided through the adoption of a census approach.  As this research examines all building 
adaptation events in the Melbourne CBD between 1998 and 2008, 13,222 building adaptations was 
contained in the database complied for the study.  
 
A preliminary task was to define the geographic area for the study. This research sought to investigate 
activity in a well developed, mature commercial market. The central business district (CBD) was the first 
area laid out in Melbourne in 1834, it has been continuously occupied and is the most mature property 
market in Victoria. The CBD area used in this research is the orginial grid laid out by a surveyor named 
‘Hoddle’. The streets within the CBD area for this research are as Flinders Street (southern boundary), 
Spencer Street (western boundary), Spring Street (eastern boundary) and La Trobe Street (northern 
boundary). 
 
Principal Component Analysis (PCA). 
 
PCA is a reliable, proven method of highlighting dimensions in cross sectional data (Horvath 1994) with 
the capacity to uncover, disentangle and summarise patterns of correlation within a data set (Heikkila 
1992). PCA condenses information contained in a number of original variables into a smaller set of new 
composite factors with a minimum loss of information (Hair et al. 1995) and was used to reduce the 
dimensionality of office property attribute data relating to adaptation in the CBD between 1998 and 2008.  
The initial step is to enter all the variables into the PCA to produce a smaller number of components. The 
next decision is based on the actual number of factors to retain and this decision was based on the Kaiser 
criterion where factors with eigenvalues exceeding 1.0 only are retained. The factors were rotated using 
an oblique ‘Oblim’ rotation method with a final result being a table of identifiable factors which includes 
the loadings of individual property attributes. The contribution of a property attribute variable to each 
factor could be; completely positive (+1.0), completely negative (-1.0) or somewhere between.  
 
Assigning meaning to a PCA solution involves interpretation of the pattern of the factor loadings (Hair et 
al. 1995). After analysing the loadings across the factors, the threshold cut off was set 0.6 as 
recommended by Tabachnick & Fidell (2001). After a list of individual factors had been assembled where 
each factor contained high loading property attribute variable suggested correct factor names could be 
assigned. This analysis examined all events classed as ‘alterations and extensions’ the most extensive level 
of adaptation in the study and coded as level 4 adaptations in the study.  The initial analysis examined 
5,290 building adaptation events between 1998 and 2008.  Each individual event was analysed further and 
13 separate attributes were identified for each event as follows: 
1. Aesthetics 
2. Vertical services  
3. Parking 
4. Street frontage (metres)  
5. Historic listing  
6. Number of storeys (height)  
7. Age in years (2010 minus construction year) 
8. Typical floor area  
9. GFA  
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10. PCA grade  
11. Degree of attachment to other buildings 
12. Site access  
13. Property location 
The PCA produced a total of 13 separate factors (table 3) where only the first three were significant with 
eigenvalues exceeding 1.0.  Overall these first three factors contributed approximately 74% of the 
variance. 
 
Table 3. Total Variance Explained PCA Level 4 adaptation events 
 
Factor No. 
Eigenvalues 
Extraction Sums of 
Squared Loadings 
Extraction Sums 
of Squared 
Loadings 
Rotation Sums 
of Squared 
Loadings 
Total % of Variance Cumulative % Total 
% of 
Variance Cumulative % Total 
1 5.832 44.861 44.861 5.832 44.861 44.861 5.790 
2 2.572 19.784 64.645 2.572 19.784 64.645 2.332 
3 1.214 9.338 73.983 1.214 9.338 73.983 1.918 
4 .858 6.597 80.580     
5 .761 5.851 86.430     
6 .614 4.720 91.151     
7 .387 2.973 94.124     
8 .290 2.233 96.357     
9 .255 1.958 98.316     
10 .118 .911 99.227     
11 .053 .405 99.632     
12 .042 .320 99.952     
13 .006 .048 100.000     
 
 
Table 4. Factor loadings - ‘Alternations/Extensions’ (Level 4) events 
 
Attributes 
Factors 
Physical Size 
(Factor 1) 
Land 
(Factor 2) 
Social 
(Factor 3) 
Number of Storeys .958 .048 .050 
GFA .958 -.009 .037 
PCA grade -.822 .023 .115 
Degree of attachment to other 
buildings 
.775 .203 -.009 
Typical floor area .743 -.053 .061 
Site access  .737 -.057 .297 
Aesthetics  -.203 -.144 .485 
Parking  .427 -.005 .423 
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Street frontage (metres) .225 .886 .015 
Vertical services location  .041 .861 .030 
Property location  -.625 .695 .125 
Historic listing -.177 .175 .823 
Age in 2010 -.476 -.123 -.632 
 
 
Results and discussion  
 
This section interprets the analysis and discusses each factor and their aggregate contribution to 
understanding adaptive reuse of buildings.  Level 4 adaptations were those involving the most extensive 
works, short of demolition and rebuilding, such as alterations and extensions. The highest number of 
events featured in this category, illustrating that building owners of all commercial office buildings are 
more likely to engage in this type of adaptation than any other during the period 1998 to 2008. That 
owners are prepared and do engage in this level of adaptation is indicative of a high level of confidence in 
the Melbourne CBD market; that is to say that level 4 adaptations will recoup the investment through 
higher rental yields, increased capital values and lower vacancy rates than if the building was either not 
altered at all or adapted to a lesser extent.  The contribution of the individual attributes to each factor 
was then examined where each factor was allocated a name based on the loadings (table 4).   
 
 
Table 5 Summary of PCA Factors ‘Alterations and extensions’ (Level 4) 
 
Factor 
number 
Factor name Factor variables 
1 Physical / size Height (number of stories) 
Gross floor area (GFA) 
PCA Grade 
Site boundaries 
Typical floor area 
Site access 
2 Land  Street frontage 
Vertical services location 
Property location 
3 Social  Historic listing 
Age 
Aesthetics 
       
Factor one:  Physical size 
 
The variables number of storeys, Gross floor area (GFA), PCA Grade, aesthetics, site boundaries and 
Typical floor area and site access are strongly to very strongly loaded on factor one.  These variables 
explain 44.86% of the original variance.  Component 1 has seven variables and three relate to the physical 
dimensions/size of the property in terms of floor area and height (i.e. physical attributes). Of the 
remaining variables, two relate to site boundaries; that the degree of attachment to other neighbouring 
buildings and site access; the number of access/entry/exit points to the building. It is possible to refer to 
these attributes as ‘physical - size’.  The final variable ‘PCA Grade’ is strongly and negatively loaded and 
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relates to building quality. With a loading of .427 Parking is too weak to be included in the final 
interpretation.  
 
Factor two:  Land 
 
Three variables are loaded very strongly to strongly on component 2 being street frontage, vertical 
services location and location (table 4).  The variables explain 19.78% of the variance. In this component 
the variables may be described as influenced by land/design factors. The street frontage or width of the 
land parcel and the location of the property relate to land attributes. The vertical services are a design 
attribute that influence the flexibility of the space plan to adapt to different configurations of the floor 
plate.  
 
Factor three:  Social 
 
The variables historic listing and age are very strongly and moderately loaded on component three and 
explain 9.33% of the variance (table 4). The age variable is negatively loaded and this can be interpreted 
as buildings age they are more likely to be adapted. The variables can be described as social attributes.  
Aesthetics, which is weakly loaded on component three, relates to building appearance and indicates that 
buildings having a poor appearance; that is to say being outmoded or outdated are less likely to be 
adapted.  It is included in this factor given the relationship to age and historic listing. 
 
Conclusions  
 
There are two primary findings from the PCA. Firstly the results reveal three defined and readily 
interpreted factors (table 4). Secondly the initial finding from this ’alterations and extensions’ adaptations 
(level 4) analysis is that the PCA has correlated variables that previous studies identified as being separate 
and distinct (Blakstad 2001; Kucik 2004; Arge 2005) which indicates that the relationship between building 
adaptation and property attributes is more complex than previously considered. Specifically the PCA has 
confirmed the following; 
 
• There are distinct levels of commercial office building adaptation in the Melbourne CBD ranging 
from minor to major works. 
• Most adaptations are in the form of ’alterations and extensions’ adaptations (level 4), the most 
extensive type of adaptation prior to demolition works and reconstruction. 
• Physical building and size attributes are the most important property attributes in ’alterations and 
extensions’ adaptations (level 4). 
• Building appearance or aesthetics is more important in level 4 adaptation than other types of 
adaptation.  
• Building quality (PCA Grade) is an important attribute in ’alterations and extensions’ adaptations 
(level 4). 
• The degree of attachment to other buildings (site boundaries) is an important variable in 
’alterations and extensions’ adaptations (level 4). 
• Floor area influences the amount of adaptation undertaken at level 4. 
• The number of entry and exit points highly influences ’alterations and extensions’ adaptations 
(level 4). 
• To a lesser extent Building width is important and is associated with location of vertical services 
and property location. 
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• Building age is associated with historic listing in ’alterations and extensions’ adaptations (level 4). 
  
 
No other research has investigated such a large number of events in any geographical area, in effect 
providing a census analysis of all events which occurred during a decade of activity.  
 
The research questions have been answered with a high degree of detail and discussion and the 
importance of a relatively small number of property attributes has been found to influence adaptation to 
a high degree, some 73.98% of adaptation is explained by twelve attributes. The most influential variables 
or property attributes affecting ‘alterations and extensions’ adaptations are; physical / size (height, Gross 
floor area, PCA Grade, site boundaries, Typical floor area and site access), followed by land attributes 
(street frontage, vertical services location and property location) and lastly by the social attributes 
(historic listing, age and aesthetics).  Another major finding is that attributes previously considered 
influential have been found to have limited influence on adaptation events in this study. These findings 
begin to place important parts of the adaptation jigsaw in place. Through the enhanced understanding of 
the pattern of commercial building adaptation, it is possible to strategically plan and target policy making 
to optimise efforts to deliver the 38% reductions in building related greenhouse gas emissions and the 
objectives of the 1200 buildings program. 
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Abstract 
The City of Melbourne is aiming to be carbon neutral by 2020 (Arup 2008) and have set a target of adapting 
twelve hundred commercial buildings incorporating sustainability initiatives to reduce greenhouse gas emissions 
from the sector (Lorenz et al.  2008). The City of Melbourne is taking a proactive approach to establish 
strategies to deliver sustainability in the built environment within the 2020 timeframe. 71% of investment is 
used for upgrading and building maintenance (Department of the Environment 2008) with the total Australian 
property stock being over $6 trillion in June 2008. Given that building services in commercial buildings typically 
lasts between 20-30 years and the average age of the stock is 31 years – it appears that many properties are due 
for adaptation and there is major opportunity for adaptation that alleviates the impact of global warming and 
climate change.  
 
Uncertainty surfaces such as; how much adaptation of existing stock is typically undertaken; and is the target of 
1200 adaptations before 2020 achievable? How could the City identify which buildings are most probable to be 
adapted prior to 2020?  This paper details the configuration of a database of Melbourne buildings populated 
with data about physical, social, economic, legislative and environmental attributes. There is a discussion of the 
way the database will be used to determine; how much adaptive reuse has been undertaken historically; whether 
any triggers to adaptation can be identified; and whether any relationships between adaptation physical, social, 
economic, legislative and environmental attributes and adaptation exist. The relevance of this research is 
obvious to all policy makers where adaptation of existing commercial buildings is perceived a as key component 
of delivering sustainability. 
 
Keywords: Australia, policy makers, commercial buildings, adaptation, reuse, sustainability.  
Introduction 
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With an estimated $267 billion of new commercial property to be built in Australia before 2018, the 
performance gap between the new and the old stock looks set to increase (Romain 2008). The existing 
Australian stock, which totals 423 million square metres of floor space, is ageing and the rate of ageing is set to 
increase given the likelihood that new stock will be sustainable, and as time passes the level of sustainability 
within buildings will increase. In addition the existing stock in the cities of Melbourne and Sydney has a median 
age of around 31 years which means that this stock is at a stage where adaptation or retrofit is usually 
undertaken.  
 
When the various elements of commercial buildings are examined each element or component has a typical life 
span or lifecycle. The building envelope or skin will typically last for 60 years or so, structure should last 80 - 
100 years plus and the interior fit out should last 5 - 10 years (Duffy, ref). Building services typically last 
between 20 - 30 years and often represent a significant proportion of the total construction costs, up to 60% 
(ref). Therefore in Melbourne and Sydney, it is likely that most buildings would need an upgrade of the services 
which is also an excellent opportunity to increase the operational sustainability of the building. Over the 
lifecycle of the building most expenditure and environmental impact occurs during the operational phase and 
energy and other operating costs have increased much over the last three decades (Romain 2008). The need to 
focus attention on existing stock is a conclusion many are reaching (Swallow 1997; Kincaid 2000; Blakstad 
2001; Ball 2002; MaCallister 2007; ARUP 2008) and in 2008 71% of investment is used for upgrading and 
building maintenance (Department of the Environment 2008); a figure which indicates the significance of the 
sector. However with the total Australian property stock was estimated to be worth over $6 trillion in June 
2008, it is imperative that this investment is appropriately managed and maintained overtime. 
 
Another driver for sustainability comes from Government; at Federal, State and Local levels. At a Federal level 
the Australian government is set to implement the Carbon Pollution Reduction Scheme in 2010. The Carbon 
Pollution legislation is perceived to be legislation that will make ‘everyone [in the property sector] change their 
processes’ (Romain, 2008). At a local level in Melbourne, the City of Melbourne is aiming to be carbon neutral 
by 2020 (Arup 2008). The strategy they have developed includes a number of measures such as carbon trading 
(sequestration), reductions in transport related emissions and also, after considering the performance of existing 
commercial stock, building adaptation. The City of Melbourne have set a target of adapting around twelve 
hundred commercial buildings incorporating sustainability initiatives to reduce greenhouse gas emissions from 
the sector (Lorenz et al.  2008). The City of Melbourne is taking a proactive approach to establish strategies to 
deliver sustainability in the built environment within the 2020 timeframe. The City of Melbourne has estimated 
that it possible to reduce the overall carbon emissions for the CBD by 24% or 1004 kt CO2 –e through building 
adaptation (Arup, 2008).  
  
Is the target set by the City of Melbourne for building adaptations a realistic and achievable one? A snapshot 
view of the Melbourne office market in July 2008 indicates that it may be over optimistic. In July 2008 a total of 
34 building projects were being undertaken in the CBD, of these only 11 were classed as full or partial 
refurbishments ((PCA 2008).  The City of Melbourne envisages that policies and programmes are to be 
developed and implemented by 2012 that will lead to around 1200 adaptations before 2020; approximately 150 
per annum. It is apparent that the rate of adaptation will need to increase substantially over current levels to 
achieve this target.  Another apparent flaw in the City of Melbourne’s thinking appears to be rationale for the 
figure of 1200 buildings; it begs the question which 1200? Is it the medium sized buildings, or the smaller ones 
or the large ones? Other questions arise such as; how could the City identify which buildings are most probable 
to be adapted prior to 2020? And how do you decide which buildings should be adapted? This research sets out 
to answer these questions and others. 
 
The case for and against building adaptation has been argued previously (Wilkinson and Reed 2008). There are 
convincing arguments economically, socially, environmentally and technologically for and against building 
adaptation which vary according to the prevailing economic climate, local supply and demand, and physical and 
locational factors amongst others (Wilkinson James and Reed, 2008).  Each property has to be evaluated 
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individually to determine whether adaptation is appropriate and desirable and also the degree of adaptation 
required. Many studies have determined key attributes for adaptation (Swallow 1997; Ball 2002; Kincaid 2002; 
Vijverberg 2002; Kincaid 2003; Douglas 2006; Remoy and van der Voordt 2007; PCA 2008) and these 
attributes are noted in previous papers by the authors (Wilkinson James and Reed, 2008).  Examples of the 
property attributes affecting adaptation include building floor height, structural frame, floor layout and plan 
shape (Wilkinson James and Reed, 2008).  It is the presence or otherwise of these attributes which are evaluated 
by decision makers in the decision to adapt an individual building.  
 
The definition of the term is important as adaptation has been, and is, referred to by a number of terms such as 
refurbishment, retrofitting, renovation and conversion to name a few. The different interpretations of the term 
are also discussed in greater detail below. For the purposes of this research the authors have decided to adopt 
the definition posited by Douglas (2006) that adaptation is; “any work to a building over and above maintenance to 
change its capacity, function or performance’ in other words, ‘any intervention to adjust, reuse, or upgrade a building to suit new 
conditions or requirements”. 
 
 
Decision-making issues in building adaptation 
 
There is consensus that with regards to adaptation decision-making is complex (Blakstad 2001; Douglas 2006).  
Firstly let us consider those involved; the stakeholders or stakeholders. There are many stakeholders / 
stakeholders in building adaptation and each represents a different perspective. Kincaid (2002) identified the 
decision makers as investors, producers, developers, regulators, occupants / users and marketeers. Another 
layer of complexity is the fact that, as figure 1 over shows, these stakeholders can make their decisions with 
respect to the adaptation at different stages in the process.  
 
The authors posit that another stakeholder could be added to Kincaid’s model; that of policy maker, although 
their impact is less direct the policies this group create nevertheless affect the decision to adapt. In recent times 
policy makers have sought to influence to a greater extent, the amount of sustainability that is incorporated into 
buildings in order to mitigate global warming and climate change. To date this intervention has taken the form 
of building code changes to incorporate energy efficiency (Dong and Wilkinson 2007.) 
in Australia and in the residential sector the use of grants to offset the costs of implementing sustainability 
measures.  In other countries such as the UK, there has been a history of government lead schemes organised 
by groups such as the Energy Savings Trust (EST) to encourage the uptake of energy efficiency in property 
(Wilkinson, Goodacre et al. 2001.). Furthermore the authors posit that intervention in Australia is set to 
increase both in breadth and depth as the time in which mankind can make an impact on climate change 
diminishes.  
In addition each stakeholder exerts their influence in decision-making at different stages of the process of 
adaptation and also has different degrees of influence. Generally decisions made at the early stages of the 
process have an ongoing impact throughout the project, for example the decision to change the use affects all 
decisions that follow on. It can also be said that the capacity of stakeholders to influence the decision or 
decisions (as many decisions are involved in adaptation) may be classed as either direct (as in the case of 
producers) or indirect (as in the case of policy makers). Another layer is the situation where, a stakeholder also 
intends to be an occupier or user, in which the decisions will have a daily impact on their ongoing business 
operations. To sum up, the stakeholders are multiple and exert their influence to different degrees at different 
stages.   
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During design stage (and 
possibly during construction if 
amendments are made)
Local Authorities, Planners, Heritage, 
Building Surveyors, Fire engineers (PIA)
Regulators 
Indirect effect on decision 
making in adaptation at all 
stages 
Federal, State and Local Government 
departments. 
Policy makers
Beginning / earlyOrganisations who combine investment, 
production & marketing in whole or in part. 
Professionals from above bodies and 
others
Developers 
Large institutional owners and users 
Individuals 
Users –
Corporate
Residential 
During design (if selling off plan) 
and /or construction stage
Surveyors, agents, professionals who find 
users for buildings (API, RICS)
Marketeers
QS / A at feasibility stage
Design stage
Construction stage
Professional team – PM, QS, Architects, 
Engineers, contractors, surveyors, 
suppliers (RICS, AIAA, AIQS, AIBS, Fire 
engineers, structural and M&E engineers)
Producers 
Beginning / early Pension / super funds, insurance 
companies, banks, independent investors, 
professionals who find capital to invest
Investors 
Stage in adaptation where 
decisions madeDescription & professional affiliations Decision agents
Figure 1. Decision agents for adaptation of existing commercial buildings (Adapted Kincaid, 
2002:13).
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The second aspect to consider is the range of decision options available to the stakeholders. As Kincaid noted 
(2002) there are a number of development or adaptation combinations possible. The first option to the change 
the use with minimum intervention because of the inherent ‘flexibility’ of the building as found. The quest for 
flexibility has become akin to the quest for the Holy Grail for architects of commercial space; the theory being 
that the more flexible the building is to adaptation and change the longer the lifecycle, the lower the overall 
environmental impact and so forth. Stage two is for adaptation with minor change, the following stage (three) 
requires a higher degree of intervention and is typically referred to as ‘refurbishment’ or ‘retrofitting’. Stage four 
involves some selected demolition in order to maximise the utility of the building to contemporary users, 
whereas stage five demands extension of the facility, either laterally or vertically to accommodate a new use or 
user.  Finally stage six is demolition and redevelopment option and is selected when the social, economic, 
environmental, regulatory and physical conditions are such that the building is said to be at the end of the 
lifecycle and lacking in utility (Bottom, McGreal et al. 1999; C.W. Bottom 1999). This research is focussed on 
the decision-making that occurs through stages two to five inclusively and is shown diagrammatically in figure 2 
below  
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More generally effective decision-making demands the consideration of issues such as framing the issue 
properly, identifying alternatives and evaluating alternatives and selecting the best option (Turban, Aronson et 
al. 2005; Luecke 2006).  The literature review has enabled the issue of existing commercial buildings and 
implementing sustainability to be understood at a deep level. The options or development combinations are 
identified and possible alternatives known. The research design and methodology illustrate the framework that 
has been developed to allow the alternatives to be evaluated so that the best option may be chosen. 
 
 
Research Questions and Methodology 
 
Given the issues raised by the literature review the research questions that have been established for this part of 
the research are;  
 
1. what are the essential criteria for the undertaking of an effective robust decision-making process involving the adaptive 
reuse of existing commercial buildings?; and, 
2. what is the optimal weighting of the decision-making criteria for the adaptive reuse of existing commercial buildings? 
 
To answer research questions a research methodology has been designed. A fundamental question faced by all 
researchers is whether the research with which they are engaged is qualitative or quantitative or a combination 
of both types. Each form has different attributes or attributes (Naoum 2003).  
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Quantitative research is described as ‘objective’ in nature, defined as an inquiry into a social or human problem 
based on testing a hypothesis or a theory composed of variables, measured with numbers, and analysed with 
statistical procedures to determine whether the hypothesis or theory holds true’ (Creswell 2003). The purpose 
of this research was to discover evidence and measure the relationship between a number of building 
adaptation attributes derived from the literature review (desktop analysis of secondary data) and the incidence 
of building adaptations to commercial buildings within Melbourne Central Business District. Quantitative 
research is usually used with large populations, and the database from which the statistical analysis was drawn 
from comprised all commercial building in the CBD, some 326 properties (Naoum, 2003). 
 
Qualitative research on the other hand, is ‘subjective’ in nature and emphasizes meanings, experience, often 
verbally described and can be exploratory or attitudinal (Naoum, 2003). Exploratory research is used when the 
researcher has limited knowledge about the subject and the raw data is what people have said or a description 
of what they have seen Naoum (2003). Whereas attitudinal research is used to subjectively evaluate the opinion, 
view or perception of a person towards a particular object Naoum (2003).  Given that the research aimed 
initially to develop knowledge and understanding of the relationships between building adaptation events and 
physical, locational, social, environmental and economics attributes of buildings, attitudinal and exploratory 
research, a qualitative approach was not the most appropriate method for stage one of this research.           
 
The attributes of qualitative research are that it is inductive in its approach and initially seeks to learn about the 
topic area in order to generate questions to be answered by the research (Moser and Kalton 1971; Silverman 
1997). This research followed an inductive approach following a comprehensive literature review of the 
literature regarding building adaptation and decision-making. From the literature an analysis of the key 
attributes of building adaptation were derived (Wilkinson, James and Reed 2008). The research methodology is 
required to address issues of reliability, internal and external validity (De Vaus 1996) and these issues have been 
addressed in a number of ways, by consultation with academics and practitioners and through the preparation 
and presentation of papers and research seminars to conferences for discussion and debate. The literature 
review provided secondary data to determine the key attributes of adaptation and the understanding of 
decision-making as a process. Further issues relating to reliability and internal and external validity are explained 
with regards to the different phases of the research method below.  
 
 
Methodology - Stage 1 – Construction of Building Adaptation Database (BA db)  
 
A major issue was the method of validating the key attributes for building adaptation derived from the literature 
review. Previous studies have favoured the case study approach (Blakstad 2001; Ball 2002; Remoy and van der 
Voordt 2006), whereby a relatively small number of cases were explored in depth by the researchers to establish 
how the decision to adapt a building had been undertaken and achieved. Conclusions were then drawn with 
regards to the key attributes or features considered desirable and essential for successful adaptation. Whilst this 
approach has merit and is validated to some degree by the number of researchers opting for this research 
methodology design, it was not considered appropriate in this case. The main reason being that these studies 
had relied on so few cases, which though it satisfied the decision to adapt with regards to a small number of 
very similar buildings, for example reuse of health buildings or conversion of offices to residential (Heath 2001; 
Remoy and van der Voordt 2006) the outcomes did not satisfy the issues of generalisability to the existing stock 
as a whole. This study is looking at the entire commercial building stock in a CBD of a developed urban centre, 
Melbourne Australia, to determine the adaptation potential of the stock to deliver the sustainability target 
outlined by the City of Melbourne (Arup, 2008) – a reduction of 24% of building related greenhouse gas 
emissions.  
 
Another possible option was to canvass the views of the six or seven groups of stakeholders themselves via a 
postal or email questionnaire survey. However there are issues with regards to response rates, the integrity of 
the person competing the survey and the reliability of the data provided and sampling of the population that 
can have an overall affect on the validity of the data gathered (Moser and Kalton 1971; Naoum 2003). Given 
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these issues it was decided that the questionnaire survey approach did not suit this research. A variation on this 
approach is the use of either focus groups or a Delphi group.  
 
Focus groups involve the stakeholders and a convener meeting to identify, discuss and then aggress on the 
weighting of the attributes of building adaptation and decision-making. It was considered that there were some 
inherent problems with such an approach. Firstly it can be difficult to gather an appropriately qualified, 
adequately experienced and representative group together. With current workloads property professionals have 
little time for such perceived extravagances as focus group meetings. Focus group methods ideally require an 
initial meeting and possibly a follow up meeting to confirm agreement with the weighting and key attributes.  
Each meeting takes a minimum of one hour to generate a reasonable level of discussion and to reach consensus 
(Naoum 2003), thus with travel time factored in participants would be required to commit a total of six to eight 
hours of their time to the process. On reflection this commitment was seen as unlikely to be achieved. Another 
issue was that optimum numbers for focus groups are considered to be six to eight people (Sekaran 2000) 
which meant that approximately one stakeholder for each group could be used in each focus group – but the 
question was would this provide a realistic appraisal of the relative weightings of the decision criteria and 
property attributes? On this basis the focus group option was rejected.  
 
The Delphi technique follows a similar format; using a panel of experts to identify the weightings and attributes 
and then reaching a consensus (Sekaran 2000; Munier 2004). One of the issues here is finding an appropriately 
qualified, adequately experienced and representative Delphi group. Another issue was, would this provide a 
realistic appraisal of the relative weightings of the decision criteria and property attributes? As with the focus 
group option, on this basis the Delphi technique was rejected.  
 
The method that was selected comprises the construction of a database of all the commercial buildings in the 
Melbourne CBD area. The database is designed with the attributes for adaptation and sustainability derived 
from desk top study or literature review and in this way can be said to address and satisfy external validity 
(Moser and Kalton 1971). Table 1 below shows the building adaptation attributes used in the database. The 
incorporation of all buildings addresses issues of sampling.  
 
Table 1 Property attributes used in the BA database (BA db) 
1. Building ID number 
2. Cityscope Code  
3. Map Number  
4. Property Number  
5. Unit Number   
6. Building Name  
7. Street Address  
8. Street Number  
9. Street Name  
10. Street Frontages  
11. Description. 
12. Historic Listings 
13. Proposals 
14. Number of floors  
15. Year built 
16. Year refurbished / 
adapted 
17. Number of 
refurbishments / 
adaptations  
18. Extent of adaptation. 
19. Parking  
20. Number of car bays  
21. Site Area 
22. Total Building Area 
23. Occupant 
classification - owner, 
lessee, vacant. 
24. Occupancy type – 
sole occupier, 
multiple occupants, 
vacant 
25. Zoning  
26. GFA  
27. NLA 
28. PCA Grading. 
29. Type of construction. 
30. Plan shape. Elasticity 
potential – lateral 
extension  
 
31. Elasticity potential – 
vertical extension  
32. Site boundaries. 
33. Site access to 
building. 
34. Tenure - institutional 
/ private 
/government / 
educational. 
35. Proximity to 
transport  
36. Greenstar rating  
37. NABERS rating  
38. ABGR rating  
39. Proactive legislation  
40. Hostile factors  
41. Roof overshadowing  
42. PV option  
43. Green roof option  
 
(Source: Author) 
 
A number of different sources are used to populate the database; named BA db (Building Adaptation database). 
Cityscope is a commercially available database produced by R P Data, which is updated on a regular basis and 
covers all buildings within the CBD of Melbourne. Similar databases are produced for Sydney and other 
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Australian cities. Attributes such as building address, age, height, number of floors, previous refurbishments, 
Gross floor area (GFA), net lettable area (NLA), street frontages are included in the database. Other databases 
referred to are the Victorian Heritage Database which is freely available and covers planning and heritage 
issues. The Land Victoria PRISM database was also referred to. The Property Council of Australia (PCA) was 
also used for data to populate the database for example the Office Market Reports (OMR) dating back over 18 
years were reviewed for the number of projects undertaken in the Melbourne CBD. Ratings for existing 
sustainability attributes such as Greenstar and ABGR were obtained via the internet at websites such as the 
Australian Green Building Council and also building owner websites and annual reports. Other tools used were 
search engines such as Virtual Earth, Google Earth, Google Maps, and Google Street View enabled the primary 
researcher to view each building remotely. Finally the research undertook walk around surveys for some stock 
where data was unobtainable from the sources noted above.  
 
In summary the researcher drew on multiple sources to construct and populate a unique database which was 
designed to provide information relating to the history of adaptation in the Melbourne CBD over time. 
Furthermore the database was designed to allow the researcher to determine whether certain attributes were 
related to adaptation and if so, to determine the strength of that relationship through regression analysis (Aiken 
and West 1991). For the statistical analysis, the database was exported from its excel format into the Statistical 
Package for Social Scientists (SPSS) Version 17, where univariate and bi-variate descriptive analysis of the data 
was undertaken. For example the incidence of refurbishment and building size, building height, location, 
construction type, building age, proximity to transport nodes and so on. The results can be triangulated to 
previous studies to establish whether these findings complement or contradict the previous approaches and 
outcomes. Once the strength of the relationships between the various attributes is established it is then possible 
to rank the attributes form strongest to weakest and these rankings become the de facto weightings for the 
second phase of the research (see stage two below).  
 
The database included data relating to sustainability issues such as potential for PV roof installations, provision 
of green roofs, existing GreenStar ratings, estimated energy and water consumption. The estimated energy 
consumption figures was derived from previous research by Wilkinson & Reed (2005) PCA data, and also 
owner data. The inclusion of such attributes allows the researcher to determine the estimated degree to which 
adaptation of certain sectors of the stock will deliver the target reductions identified by the City of Melbourne 
(Arup 2008). 
 
Another outcome of this approach is that the incidence of adaptation over time can be mapped against 
economic cycles and property cycle to establish whether any ‘triggers to adaptation’ can be identified. Such 
triggers might be vacancy rates or interest rates going to a certain level. 
 
The compilation of the database was a time intensive exercise which required acute attention to detail and 
triangulation of data through other sources to verify any ambiguous data. In total it took the researcher some 
three months to construct and populate the Building Adaptation database.   
 
 
Methodology - Stage 2 - Multi Criteria Decision-making (MCDM). 
 
The second stage of the research design is to use the weighted attributes to develop a model for application in a 
decision-making tool.  The use of Multi Criteria Decision-making (MCDM) tools is common in environmental 
disciplines and enables the researcher to apply a number of decision-making criteria (here building adaptation 
attributes) into a decision-making model(Munier 2004). This approach was first posited in this field by 
Ohemeng in 1996 with regards to decision-making in redevelopment or refurbishment of buildings (Ohemeng 
1996.). It is an approach that has been adopted in a number of studies (Lee and Wu; Vincke 1992; Roy 1996; 
Ohemeng 1996.) MCDM methods are frequently used in the environmental disciplines where evaluation of 
decisions involved multiple factors is often required, hence it is in this discipline where the application of 
MCDM theory is most advanced (Harding 2002; Munier 2004). 
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Multi criteria analysis (MCA) facilitates the assessment of a project or projects against a set of criteria. The 
number of criteria and attributes is derived from the circumstance, here building adaptation, and these tools are 
used for the analysis of projects either with a single objective or with several objectives. One of the advantages 
of MCA is that it can work with weights for a single project or criteria, and also with many projects or criteria 
(Munier 2004; Turban, Aronson et al. 2005). Some of the techniques, like Analytical Hierarchy Process (AHP), 
does not provide a unique solution but a prioritised set of alternatives or projects and is perceived to provide a 
‘very useful guide for stakeholders and decision makers since it provides the elements conducive to an educated 
decision’’ (Munier 2004). It is a well used technique, proven in use and applied to many problems. Other 
techniques, such as Mathematical Programming (MP), work differently and provide optimal solutions to 
problems or decisions. The use of MP is useful where a ranking of projects is needed, however this is not the 
case here and MP was rejected as a suitable technique for this research.  
 
The advantage of the MCDM method is that a consistent approach is developed and used in decision-making 
based on accepted decision criteria (Luecke 2006).  Furthermore it allows any number of ‘cases’ or ‘decisions’ to 
be compared on a like for like basis. Thirdly, and importantly, it reduces the level of risk associated with the 
decision, which is a critical area for property fund managers (Ellison and Sayce 2007).  With the application of 
MCDM methods the level of risk is reduced in the decision-making process because all the important decision 
criteria have been recognised and included, and then weighted according to their level of significance or 
importance in the decision.  
 
AHP uses pair-wise comparisons matrices to compare criteria between themselves as well as projects or 
alternatives between themselves, and using a system of preferences. With the values of these comparisons a 
mathematical procedure is applied finding the eigenvalues and eigenvectors for the matrices (Munier 2004). The 
Eigenvectors are used to ascertain the weight of each criteria. Thirdly the values obtained from the pair-wise 
comparisons between alternatives are then affected by the criteria weights. Finally the final result shows the 
ranking of alternatives represented in a column vector called Global Priority. Figure three over shows the 
hierarchy structure applied to this research but for clarity with only one relationship between the adaptation 
options and a criterion, although the calculation involves all criteria. AHP is a comprehensive and 
straightforward mode of evaluation when preferences are involved. AHP is easy to understand and provides 
accurate results. A software package called ‘Expert Choice’ has been developed to run AHP analysis quickly 
and accurately and is used for this research. Whilst ‘Expert Choice’ does not compute the weights for the 
criteria and for alternatives it employs eigenanalysis principles. A criticism of ‘Expert Choice’ is that the values 
for comparison are derived from expert opinion or judgement typically which may or may not be representative 
or accurate (Munier 2004) – this criticism is acknowledged and has been overcome in this case because the data 
analysed from the Building Adaptation Database (BAdb) is based on adaptations that have been undertaken in 
the whole of the Melbourne CBD stock over time and not subjective expert opinion.  
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In summary figure four over illustrates the whole research design in a model form. 
 
Stage three – Pilot and test Building Adaptation (BA) Tool 
In stage three of the research design case studies are used to pilot and test the validity and reliability of the 
Building Adaptation Decision (BA) Tool. Naoum (2003:46) stated that case studies are used when the 
researcher intends to support the argument by “an in-depth analysis of a person, group of persons, organisation 
or project”. Of the three types of case study design, descriptive, analytical and explanatory; this study uses the 
explanatory case study which is the theoretical approach to problems and tries to show linkage between objects 
or attributes. Thus it was intended to use this type of case study to show how the BA tool operates in practice 
and to evaluate and assess the potential of the case study buildings for building adaptation and, in this way, to 
contribute to answering the research questions. In addition best practice in decision-making requires the 
decision to be reviewed for reliability and validity (Drucker 2001).   
 
Naoum (2003) stated there are two types of sampling; random and selected. Random sampling is used when 
specifics about the attributes of the sample are not essential, opposed to selected which is used when specifics 
about attributes of the sample are essential. For the purpose of this study selected sampling was used because 
of its specific targeting.  In total fifteen buildings, reflecting a range of typical Melbourne CBD commercial 
stock was selected for the case study analysis. 
 
Option 1 – Change of 
use through flexibility 
as found 
Option 2 – Change of 
use through flexibility 
with minor adaptation 
Option 3 – Change of 
use adaptation / 
refurbishment of 
vacant facility  
Option 4 – Change of 
use adaptation with 
selective demolition  
Option 5 – Change of 
use adaptation with 
extension of the 
Option 6 – Change of 
use through 
demolition and 
Level 3 options 
A 
C 
D 
E 
F 
G 
H 
B 
Level 2 Criteria  Level 1 Goal 
Decision 
Figure 3 - Hierarchy Structure. 
(Adapted from Munier, 2004)  
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Stage 4 – Amendment of BA model and BA tool 
 
Following the application of the MCDM BA Tool to the 15 case study buildings, an assessment of the accuracy, 
reliability and internal and external validity of the tool is undertaken using a panel of experts, comprising 
practitioners and stakeholders.  Following consultation a list of modifications are devised and changes are made 
to the BA tool. 
 
 
Conclusions & Further research  
 
This paper has identified the sustainability drivers for an increased rate and for targeted building adaptation 
over time to deliver sustainability targets established by policymakers in Australian cities, specifically 
Melbourne.  In addition, the complexity of decision-making with regards to building adaptation has been 
explained and the potential building adaptation options outlined. The research design and methodology 
outlined allows the researcher to fulfil requirements of reliability and internal and external validity for the key 
attributes for adaptation and weighting of the decision-making criteria. The construction of the BA database 
allows a unique insight into the building adaptation that has occurred in the Melbourne CBD over time. This 
paper outlines clearly a framework of the entire research design for the project. The outcomes of this research 
and the application of the BA Tool will be useful in other urban centres, where the gaol is to increase 
adaptation to commercial property with a view to reducing greenhouse gas emissions and their respective 
contribution to global warming and climate change and thus deliver sustainability to some degree. 
1. 
Construct database of CBD 
stock (BA database or BA 
db) 
2. 
Develop Multi-criteria 
Decision-making (MCDM) 
tool. 
3. 
Pilot & Test Building 
Adaptation (BA) Tool. 
• To determine the strength of the 
relationships between buidling 
adaptation attributes (BAA) and 
building adaptation events (BAE) 
• To determine the weightings of 
the BAA and to create a BAA 
index.  
• To use the BAA Index in a 
MCDM AHP framework to 
model the adaptation potential 
• To evaluate the reliability and 
validity of the BA tool on a sample 
of CBD stock 
Cityscope Database (Melbourne), 
Heritage Victoria Database, PCA 
OMR / data, market data (JLL, 
CBRE, Savills, Colliers), search 
engines (Google Earth, Google Maps, 
Virtual Earth) = secondary data. 
Visual inspection / survey of buildings 
(Primary data).    
BA Database (BA db) 
BA (MCDM) tool and a sample of 
CBD building stock 
Figure 4 Research Method Model. (Source authors) 
Research Stages Research Aims. Data collection method and data source. 
4. 
Amend BA model and BA 
Tool following piloting on 
sample buildings. 
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